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ABSTRACT
Kinematic and Kinetic Analysis of 
Geneva Mechanisms 
And Their Applications to Synchronization of Motion
by
Bijan Sepahpour
Geneva mechanisms have been used for generating intermittent motion 
for use in indexing and packaging operations. Due to their popularity, cost 
effectiveness and diversified applications in industry, it is desirable to optimize 
their design.
Optimization techniques and modifications have been developed to 
provide long life, trouble-free high-speed indexing and intermittent motion while 
minimizing the undesirable inherent dynamic characteristics of this class of 
mechanisms.
A general information base of the motion characteristics and types of 
geneva mechanisms available has been established. Development of the full 
spectrum of the required equations, generation of the normalized values of 
critical design parameters along with the use of high speed computers provides 
a  new strategy for the optimization of the design of standard external geneva 
mechanisms. In addition, a  novel application of external geneva mechanisms is 
introduced to achieve a certain synchronization processes. This effort will 
provide the mechanical engineer with new tools and a fresh approach that 
overcomes certain optimization and synchronization problems.
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1.1 Objectives and Previous Work
1.1.1 Objectives
Geneva mechanisms have been used for generating intermittent motion for use 
in indexing and packaging operations. While the input/driver member provides 
constant angular velocity, the output/driven member may generate simple or 
complex intermittent rotary motion. Geneva mechanisms have been modified, 
optimized and integrated with other mechanisms to deliver a large variety of 
desired intermittent operations.
The first objective of this work is to provide a general information base 
on the motion characteristics and types of geneva mechanisms available. 
Modifications that may be made both on the driver and the driven members for 
the purpose of controlling the kinematic and kinetic criteria will be briefly 
discussed. This should facilitate the designer in making a sound decision in 
the selection/modification of the mechanism depending on the type of 
operation in demand.
Due to their popularity, cost effectiveness and diversified applications in 
industry, it is desirable to optimize the design of standard external geneva 
mechanisms for long life and trouble free operations.
1
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An extensive literature search has not revealed a detailed, complete and 
accurate analysis of the mass moment of inertia of the external geneva 
mechanisms. It is absolutely essential to have access to this critical value in 
order to conduct a meaningful force and stress analysis leading to an optimal 
design. This work provides access to this critical "missing link".
The second objective of this work is to provide the designers with a 
complete package of tools required for successful design and optimization of 
standard external geneva mechanisms. To accomplish this task, the derived 
equations for motion characteristics, mass moment of inertia, force and stress 
are incorporated in a FORTRAN code to facilitate achieving a sound design. A 
set of tables and normalized plots are also generated to form a "reference 
design manual" as an alternative to most of the capabilities of the computer 
program. The tables and plots can also be used effectively in conjunction with 
the computer program for the initial selection of the design parameters. Sample 
design situations are included to display the potential of this package.
The third objective is to introduce a special application of "multiple 
geneva wheels" that are “driven by a single driver" in providing synchronized 
motion for certain indexing and intermittent operations. Several original sample 
designs are included to illustrate some of the potential applications of this new 
technique with the hope that it could be further examined and enhanced.
3
1.1.2 Previous Work
Extensive research has been conducted continuously on geneva mechanisms 
and other intermittent motion mechanisms for the past few decades. It is 
important to note that som e of the previous work has been published in non- 
English sources. The following only reveals the findings written in English.
Talbourdet [1] proposed the use of a  "planetary gear system" and [2] the 
use of a  "screw and gear system" leading to the creation of intermittent 
mechanisms that provide rotary motion in both directions, with or without 
intermediate dwell, and continuous advance in one direction.
Johnson [3] proposed a method of design for external geneva 
mechanisms to minimize contact stress and torsional vibration based on 
equations and tables.
Rappaport conducted a  kinematic analysis for “external" [4], "internal" [5], 
and "spherical" [6] geneva mechanisms which included the equations of motion, 
tables and charts of velocity and acceleration.
Smith [7] recommended an optimization technique for external geneva 
mechanisms with three to nine stations based on the driver radius, roller pin 
radius, torque and load capacity.
Fenton [8] presented a rapid method, based on graphs, to obtain forces 
and torques caused by the combined effect of both static and dynamic loading 
of external geneva mechanisms.
Dijksman [9] proposed the use of a four-bar linkage instead of the 
conventional driver (with crank pin) in an internal geneva mechanism in order to 
remove /minimize the life reducing impact forces.
Hasty and Potts [10] proposed a method of synthesis, based on 
equations and charts, to optimize the parameters involved in the external 
geneva mechanism.
Takanashi [11] proposed the utilization of a nonuniformly driven shaft to 
be used as a driver link of an external geneva mechanism leading to compound 
intermittent motion with improved dynamic characteristics.
Fenton [12] introduced a technique for controlling the acceleration of 
external geneva mechanisms by using the output of the first of the "two geneva 
wheels in series" as the input of the second wheel.
Bagci [13] proposed the utilization of double-crank (drag-link) 
mechanisms as the input for mechanisms with critical acceleration 
characteristics including external geneva mechanisms.
Yang and Hsia [14] proposed a multistage geared geneva mechanism 
that provides flexibility to fine tune the dwell time of external geneva 
mechanisms.
Taat and Tesar [15] provided an analysis for comparison of the dynamic 
characteristics of external geneva mechanisms with all other available 
mechanisms that produce intermittent motion.
Bagci [16] introduced a rather complex and ingenious arrangement of 
series-connected external geneva mechanisms with single or muftiple driving 
pins that generate variable index ratios.
Lee [17] discussed and compared the advantages and disadvantages of 
the existing optimization techniques with his proposals for design of high speed 
external geneva mechanisms.
Rao and Gavane [18] [19] analyzed the change in dynamic 
characteristics of both "external" and "internal" geneva mechanisms due to 
errors produced in manufacturing and assembly processes.
Bagci [20] introduced the utilization of irregular geneva-wheel and 
geneva-slider mechanisms for the generation of nonuniform index and dwell 
ratios during a singie cycle.
Fenton, Zhang and Xu [21] proposed the utilization of a newly developed 
geneva mechanism with “curvilinear" slot design that improves the kinematic 
characteristics of external geneva mechanisms.
Chironis [22] collected practical examples of unusual mechanisms some 
of which produce an added advantage to the conventional geneva mechanisms 
by modification of the driver.
The magnitude of the research conducted by diversified sources on 
geneva mechanisms is a true reflection of their important role in intermittent and 
indexing operations. Most of the emphasis has been placed on "external" 
geneva mechanisms and their modifications mainly because of their simplicity 
and popularity.
The main task in the above analyses and modifications seems to be the 
provision of additional information in controlling the dynamic performance 
characteristics as well as introducing techniques to generate "non-standard" and 
complex intermittent operations.
CHAPTER 2
TYPES OF GENEVA MECHANISMS AND THEIR MODIFICATIONS 
FOR CONTROLUNG PERFORMANCE CHARACTERISTICS
2.1 Types of Geneva Mechanisms
2.1.1 Introduction
Geneva mechanisms have been used for generating intermittent motion for use 
in indexing and packaging operations. The desirable motion characteristics, 
ease  of fabrication, diversified applications and cost effectiveness have kept 
them in continuous use since their introduction.
There are three different standard type geneva mechanisms known as 
"External" [4], “Internal" [5] and "Spherical" [6 ] geneva mechanisms . Each of 
these has advantages and disadvantages when compared to the other types. 
Depending on the type of operation in demand, a  decision may be made on the 
selection of the compatible type. The motion characteristics of each type will 
be discussed to assist the designer in making a sound selection. The cost 
factor, fabrication process, life expectancy, speed of operation should be added 
to the list of factors involved in making the final decision.
2.1.2 External Geneva Mechanisms
Among the three types, the external geneva mechanisms [4] [22] [23] are the 
most widely used; mainly because of their simplicity. The mechanism is 
composed of a fixed frame, a single driver, a  locking plate and a driven
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member with a certain number of "equally" spaced grooves. The driver 
member is equipped with a  pin that engages the grooves/slots in the driven 
member. The unique geometry of the mechanism allows the driver pin to enter 
and exit the driven member "tangentially" [24]. The role of the locking plate is 
to control the rotational movements of the driven member; only releasing it at 
times that the driver and the driven members engage with each other. Figure
2.1 displays the components of a typical 5 slot external geneva mechanism.
Depending on the number of slots/stations, "n", on the driven member, 
the driver must rotate "n" times for every "one" complete revolution of the driven 
link. Therefore, the number of slots truly corresponds to the number of stations 
in an indexing operation.
The minimum number of slots is three and there is no limit on the 
highest number. Usually, the higher the number of the stations, the better the 
dynamic performance. However, genevas with more than 18 stations are 
seldom used due to dimensional constraints. Also, at lower speeds the use of 
lower number of stations may be quite justifiable.
Standard external geneva mechanisms can only produce dwell periods 
more than 180°. The following equation provides the dwell period of the 
mechanism;
D = 1 8( f  +36CP / n  (2.1)





FIGURE: 2.1 C o m p o n e n t s  of a  Typical 5 S ta tion External Geneva M echanism
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2.1.3 Internal Geneva Mechanisms
This particular type of geneva is the most compact one among the three. The 
driver member is contained in the same space occupied by the driven member 
making this mechanism suitable for situations in which space is a critical factor. 
When compared to the external genevas, in internal genevas, the function of 
the locking plate is delivered by the geometry of the driven member. Rgure 2.2 
is a simplified representation of the components of an internal geneva 
mechanism.
Another interesting characteristic of this type is the ability to provide 
dwell periods less than 180 degrees [5] [22]. Depending on the number of 
stations, "n", the dwell period may be obtained from the following equation;
D = 180° -  360°/n (2.2)





FIGURE: 2 .2  C o m p o n e n t s  o f  a  Typical  In te rn a l  G e n ev a  M e c h a n i s m
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2.1.4 Spherical G eneva Mechanisms
Spherical geneva mechanisms enjoy superior dynamic performance 
characteristics when compared to the other members of the geneva family [6 ] 
[22]. This type of geneva mechanism is capable of delivering superbly smooth 
and "shock free" output. Unfortunately, this rare, but quite interesting member 
of the geneva family is not well known to the designers. However, the 
sophisticated geometry calls for an involved process of fabrication when 
compared with the other two types. On the other hand, for extremely critical 
operations where a state of "shock free" operation is in full demand and 
supersedes the increased cost factor, it may be justifiable to select this elite 
member of the family.
The driven member is fabricated out of a hollow semisphere, with 
grooves made along the meridian lines. The locking plate is part of the driver 
member. While the shafts of the driver and driven members of both external 
and internal geneva mechanisms are parallel, in the spherical type, the 
corresponding shafts are in perpendicular orientation. Figure 2.3 [6] provides a 
complete range of views for displaying the components of a  6  station spherical 
geneva mechanism.
Another interesting feature of this type is that it produces a dwell time of 
"exactly" 180° for every cycle [6 ] [22], Therefore, (for comparison purposes) 
the equation of the dwell time may be expresses as;
D a 18CP (2.3)
12
0 of driving 
crank 0 of driven
Lock
\ iSL
I \ *  n Driving 
shaft
Driven shaft
FIGURE 2.3 Components and Parameters of a 6 Station 
Spherical Geneva Mechanism  
( Adapted from Rappaport [6] J
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2.1.5 Comparison of the Three Standard Type Geneva M echanisms
The previous sections provide some insight about individual characteristics of 
each type of the geneva mechanisms. It is evident that each type has 
advantages and disadvantages when compared to the other two types.
The advantages and disadvantages of "extemal" geneva mechanisms 
may be listed as:
Advantages Disadvantages
• Simple to fabricate • Short index period
• Cost effective • High acceleration at entry and
• Well known, tested and exit mode
in heavy use • Careful synthesis required to
• Can be obtained off the shelf satisfy the fatigue criteria
The advantages and disadvantages of "internal" geneva mechanisms 
may be listed as:
Disadvantages
• More difficult to fabricate
• Cantilever arrangement of the
Advantages
• More compact 
»Cost effective
• Known and in use
• Sharply defined dwell time [5]
• Long index period
• Lower acceleration at
index period
roller crank [5]
Relatively large driven member 
compared to the driver member 
leading to increase in the force 
resisting acceleration [5]
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The advantages and disadvantages of "spherical" geneva mechanisms 
may be listed as:
Advantages Disadvantages
• Smooth, "shock free" operation • Sophisticated geometry
• Constant dwell and index • Involved fabrication process
period of 180° Expensive
• Not well known/hardly used
The comparison of the features of each type should facilitate the 
designer in making a sound selection depending on the type of operation in 
demand.
2.2.1 Justification of the Demand
Demand for long life, trouble free and high speed indexing and intermittent 
operations has led to the development of modified versions of existing 
mechanisms as well as the newly developed ones. The cause behind these 
modifications is due to the undesirable inherent dynamic characteristics of this 
class of mechanisms. The main task in these modifications is to control and 
minimize the initial shock of engagement of the driver and driven members as 
well as reducing the acceleration during the index period.
2.2 Modifications of Geneva Mechanisms
2.2.2 Types and Sources of Existing Modifications
Extensive research has revealed that among the different intermittent 
mechanisms, geneva mechanisms have been specifically targeted for 
modification and integration with other mechanisms. This is perhaps because 
of their simplicity, high flexibility for modification, low cost and popularity. Some 
of the more important of these modifications and integrations may be listed as 
below [22] [25]:
* More than one driving pin used on the driver
* Pins not equally spaced
* Pin guided on four-bar linkage
* Pin moving along a cam path
* Use of drag link as input
* Double rollers and different entrance and exit slots
It is not possible to include these exhilarating and ingenious 
modifications and integrations in this report. The interested reader should refer 
to Section 1.1.2 for more information on the sources providing such information.
CHAPTER 3
KINEMATIC ANALYSIS OF EXTERNAL GENEVA MECHANISMS
3.1 Computations of Angular Displacement,
Velocity, Acceleration and Shock
3.1.1 Introduction
Accessibility to complete kinematic behavior and motion characteristics of 
external geneva mechanisms serve as a prelude to a successful process of 
their selection, synthesis and optimization of design. It is important to note that 
while numerous sources have provided different approaches for kinematic 
analysis, there is still much to be explored about the kinetic behavior of the 
external geneva mechanisms. Kinetic analysis and optimization of design are 
presented in Chapters six and seven respectively. However, it is not possible 
to consider these matters without knowledge of the kinematic characteristics. 
Because of this necessity and the desire to maintain the continuity and 
completeness of this work, a detailed kinematic analysis is presented here.
3.1.2 Index and Dwell Periods
The components of external geneva mechanisms were introduced in Section 
2.1.2. The direction of rotation of the driven wheel/member is always 
"opposite" to that of the driver member. This is analogous to a pair of 
"external" gears in mesh.
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The “indexing" period starts from the initial engagement of the driver pin 
with one of the slots of the driven member/wheel. This period ends with the 
complete disengagement of the pin from the slot. The "dwell" period starts at 
the end of the index period and ends exactly at the initial engagement of the 
driver pin with the "next" ( ready to be indexed ) slot. While the driver 
experiences constant angular motion, the driven member can only rotate during 
the index period. Figure 3.1 (a), (b) and (c) displays the beginning (a), the mid­
point (b) and the ending (c) of a single full cycle of the index period.
The equations for active time/index period and stationary time/dwell 
period of the motion may be expressed as follows;
Af -  360° ( n -  2  ) / 2 n  =  (18(f /  n) ( n - 2 )  (3.1)
Dt = 360° -  A, = 360° -  360? ( n -  2 )  / 2 n  (3.2)
or
Dt =  18CP + 36€P /n  = 360P(n + 2 )  / 2 n  =  (  180*/ n ) ( n  + 2 )  (2.1),(3.3)
where n = number of slots/stations
The ratio of the active/index time to stationary/dwell time may be 
obtained by dividing equation (3.1) by equation (3.3) as follows;
Af / Df ss  (  n -  2  ) / (  n + 2 )  (3.4)
It should be obvious that the angle of locking action, y, must equal to 
the "angular duration" of the dwell period. This leads to the generation of the 
following expression;





( a )  ENTRY MODE
— ^  — ' —CJ3| W3|
( b )  MID-POINT OF INDEX PERIOD ( c )  EXIT MODE
FIGURE: 3.1 D isp lay  o f  o n e  ful l  c y c le  o f  i n d e x  p e r i o d  o f  a  
Typica l  5 S t a t i o n  G e n e v a  M e c h a n i s m
3.1.3 Change in Active Length of the Radius
As the driver pin starts its penetration into the driven member's slot, the active / 
effective length of the radius of the geneva wheel changes instantaneously.
The active length of the radius may be measured from center 0 3 to the 
"instantaneous" position of the center of roller pin. Figure 3.2 displays the 
alterations in nine different positions of the index period in a five station unit. 
While the angular increments of the driver member are ail "equal", the 
respective angular movements of the driven member generate a rather complex 
and non-linear behavior. A kinematic analysis must be conducted to reveal the 
characteristics of the above non-linearity leading to the development of the 
equations of motion.
3.1.4 Nomenclature and Preliminary Equations
Figure 3.3 (a) shows the skeleton of the initial/entry positions of the driver and 
driven members of an external geneva mechanism. In Figure 3.3 (b) an 
intermediate position is shown for establishing the general analytical 
parameters. The following preliminary equations are developed with reference 
to Figure 3.3. These equations and the listed designations will be utilized to 
simplify the process of the development of equations of motion.
Oz = center of the driver
Oa = center of the geneva wheel
n = number of equally spaced slots; n > 2
P0 = initial angular orientation of the driven wheel ( constant)




FIGURE: 3 .2  Nine Different  Posit ions  of th e  Driver a n d  Driven M embers  of a  5 Sta tion 
Geneva M echan ism  dur ing  a  s ingle  Index Period
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B = R = R g w
A = R d r v
90*
a )  INITIAL/ENTRY ORIENTATION OF THE DRIVER AND DRIVEN LINKS
b)  INTERMEDIATE ORIENTATION OF THE LINKS
FIGURE: 3 . 3  C h a n g e  in t h e  Active Leng th  of  th e  R a d iu s  
of  t h e  E x te rn a l  G e n e v a  M e c h a n i s m
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Pc = 360° / 2 n  (3.6)
P = general angular orientation of the wheel
a 0 = initial angular orientation of the driver where the engagement of the driver 
pin and the slot is about to occur ( constan t) 
a 0 =9CP -  pc (3.7)
a  = general angular orientation/displacement of the driver; measured from 
center-line in the direction of motion 
C = 0 2 Oa = distance between the centers of the driver and driven links 
r  = Rgw = outside radius of the driven wheel/member
R = Rgw = c  cos p0 = C sin a0 (3.8)
A = Rdrv = radius of the driver link; m easured from center of rotation of the 
driver link to center of the roller pin ( constan t)
A -  R+v = c  sin p0 = C cos a„ (3.9)
Rp = radius of the roller/driving pin ( co n stan t)
S = distance between 0 3 and center of the roller pin when the driver is at 
>lmid-pointH of index period ( constan t)
S = C -  A -  C ( 1 - s i n $ 0) = C ( 1  -  cos a0 ) (3.10)
B = active length of the radius of the driven wheel 
S s£ B * R 
y = locking angle of driver
Y = ( 1 8 ( T / n )  ( n + 2 )  (3.5),(3.11)
Rl = radius of the locking disc
Rl -  Rdrv ~ 2 Rp
co2 = angular velocity of the driver member ( assum ed constan t)
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(3.12)
3.1.5 Outside Radius Corrected for Finite Pin Diameter
Geometry of the initial entry/exit orientation of the roller pin and the slots in an 
external geneva mechanism requires an adjustment in the value of the outside 
radius. Shigley and Uicker [25] provide the following for the corrected value of 
the radius ;
Rgwc = outside radius of the geneva wheel "corrected" for finite pin diameter 
Rgwc = R ( 1 + Rp / R*) (1/2> (3.13)
3.1.6 Equations of Motion
In Figure 3.4, PQ represents an "arbitrary" position of the common normal 
intersected with the line of centers of the driver and driven members of an 
external geneva mechanism. The fluctuation of the position of the common 
normal is also displayed in Figure 3.2. As the values of a  ( angular 
displacement of the driver) alter “uniformly", (3, the angular displacement of the 
driven wheel alters in a non-uniform fashion with respect to time. The 
expression for this non-uniform change represents the equation for “angular 
displacement" of the wheel. It is required to express the non-uniform angular 
displacem ent, p, of the driven member in terms of the uniform angular 
displacement , a, of the driver link. With reference to geometry of Figures 3.3 
and 3.4;
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B a ( C2 + A2 -  2 A C . cos a )1/2 (3.14)
(sin ft) /A  s  (sin a) / B  => sin p = (A sin a) / B  (3.15)
Using the trigonometric identity;
1 + cof  p = CSC2 p ( a )
1 + 1/ t iuf  p = 1/slrf  p => 1/lari1 p = 1/slri  p -  1 (3.16)
From equation (3.15) ; 1/s i t f  p = S2/ A2 siri a  (3.17)
FIGURE: 3.4 An I n t e r m e d i a t e  P o s i t io n  o f  Links 
f o r  a n  E x te rn a l  G e n e v a  M e c h a n i s m
From equations (3.16) and (3.17);
   l  a— 2 g (3.18)tan3 p A 2 sin3 a A 2 sin3 a
.-. tan3 p  d!.Bi”L g _
B 2 - A 2 sin3 a (3.19)
From equations (3.14) and (3.19);
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tan3 B  aln* «_________
C2 + A2 -  2 A Ceos a -  A 2 s in 2 a  (3.20)
f -  s/n2 a  = cos2 a  ( b )
ta n 2 0 =------------------ *!,s in 2 g -------------------------- Af_s in 2 a  (3  21)
C2 + A2 (1 -  s in 2« ) -  2A C cosa ( C -  A cosa ) 2
... t a n f l -----* sinct______ A /C  s in g  (3.22)
C -  A cosa 1 -  A /C  cos a
letting X = A /  C ( c )
0 = Ian'1 [X sin a / (  1 -  X cos a ) ]  (3.23)
Equation (3.23) must be differentiated with respect to time in order to provide 
the "normalized1 equation of the angular velocity of the driven wheel. After 
conducting the differentiation and algebraic manipulation;
**3 _ _ X  c o s a  -  X 2
»a 1 -  2  X  cos a + X 2 (3.24)
The maximum value of normalized velocity may be obtained by letting a  = 0 in 
equation (3.24) as follows;
/ & t  ( m a x . )  =  X  / ( X  -  1 ) a t a  = 0 (3.25)
Equation of the “normalized" acceleration is obtained by differentiating equation 
(3.24) with respect to time as follows;
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<*3 _ cf2 (3 _ (A3 -A) sing
<a22 d t 2 (1 + A2 - 2 Acosa)2 (3.26)
The maximum value of the normalized acceleration occurs at;
a  = o w
where
c o s a ^  = - G + ( G ? + 2 ) (1/2) (3.27)
where G =  Va (A + 1 / A )
To obtain an expression for shock ( second acceleration/jerk ), equation 
(3.26) must be differentiated with respect to time as follows;
1 d 3P = A (A2 - 1 )  [ 2  A cos2 a  + ( 1  + A2) cos a -  4  A ] 2 a »
« 23 * eft3 (1 + A2 - 2 Acosa)3
After algebraic manipulations, the maximum value of shock may be obtained by 
the following expression;
1 cf3p = A ( A + 1 ) 
co23 ■ eft3 ( A - 1 )3 (3.29)
Equations (3.24), (3.26) and (3.29) together provide a package for conducting a 
complete kinematic analysis of an external geneva mechanism with any given 
number of stations ( 3 4 n * 18 ). The param eters and forms of these equations 
are identical to those presented by Freudenstein and Sandor [26].
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3.2 Computer Program and Normalized Plots
3.2.1 Machining Dimensions
3.2.1.1 Subroutine "EXTERNALDIM11 Subroutine "EXTERNALDIM" was created 
for providing "machining dimensions" of the external geneva mechanisms. For a 
given set of parameters, the computer program provides the necessary 
dimensions for fabrication of the corresponding unit.
Illustrative Situation 3.1
A designer requires the machining dimensions of an external geneva mechanism 
based on the following design constraints;.
n = 5, R = 8.00 in, Rp = 0.500 in, t = 1.00 in
The computer program provides the following required information;
C = 9.88854 in ( assembly information )
Driver Geneva Wheel
Rdlv = 5.8123 in Rgwc = 8.01561 in
Rl o 4.8123 in Dp- 2  Rp = 1.00 in = width of slot
Y = 252.0° Smi,  = C -  RdfV = 4.0762 in
The program is capable of examining cases in both “SI" and "USCS" 
units of measurement.
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3.2.1.2 Table For Machining Dimensions Table 3.1 is arranged to provide 
"normalized" machining dimensions for external geneva mechanisms. Given a 
set of constraints, the table provides machining dimensions for the 
corresponding unit.
Illustrative Situation 3.2
Obtain the machining dimensions of an external geneva mechanism with the 
following constraints;
n = 12, C =  10.00 in, Rp = 0.625 in, t=  1.25 in
With reference to table 3.1, for n = 12, the following "normalized" information 
may be obtained. This data needs to be adjusted by the value of center 
distance "C".
Normalized Value Adjustment Factor Actual Value
Rdrv = 0.2588 in C = 10.00 in 2.588 in
Rgw = 0.9659 in C = 10.00 in 9.659 in
Smln. = 0.741181 in C = 10.00 in 7.41181 in
Because of the variations in the selected values of roller pin diameter ( 2 Rp ), 
the values for the outside radius corrected for finite pin diameter ( Rgwc), and the 
radius of the locking plate ( RL) must be obtained from equations (3.12) and 
(3.13) as follows;
Rl = Rdrv -  2 Rp = 2.588 in -  2 ( 0.625 in ) = 1.338 in



























' drv / c Smin / c
60 30 300 0.5000 0.8660 0.133975
45 45 270 0.7071 0.7071 0.292893
36 54 252 0.8090 0.5878 0.412215
30 60 240 0.8660 0.5000 0.500000
25.71 64.29 231.43 0.9010 0.4339 0.566116
22.50 67.50 225 0.9239 0.3827 0.617317
20 70 220 0.9397 0.3420 0.657980
18 72 216 0.9511 0.3090 0.690983
16.36 73.64 212.73 0.9595 0.2817 0.718267
15 75 210 0.9659 0.2588 0.741181
13.85 76.15 207.69 0.9709 0.2393 0.760684
12.86 77.14 205.71 0.9749 0.2225 0.777479
























3.2.2 Normalized Plots and Subroutine "EXTERNALANAL"
3.2.2.1 Subroutine "EXTERNALANAL" Equations of velocity, acceleration and 
maximum shock were programmed in subroutine "EXTERNALANAL" to provide 
information on the "kinematic" characteristics of the external geneva 
mechanisms.
Illustrative Situation 3.3
A designer wishes to conduct a complete kinematic analysis on a 5-station 
external geneva mechanism with the following specifications; 
n = 5 stations, R = 5.00 in, Dp = 2 Rp = 0.80 in, 
ci>2 = 10 rad/sec, t = 0.50 in
To assist the designer, the computer program has been utilized to calculate the 
following results;
Alpha Beta Angular Velocity Angular Acc.
(deg) (deg) (rad/sec) (rad/sec squared)
54.0 36.0 0.000 72.654
53.0 36.0 0.129 75.478
52.0 36.0 0.264 78.424
51.0 35.9 0.403 81.498
50.0 35.9 0.548 84.704
49.0 35.8 0.699 88.047
48.0 35.8 0.856 91.531
47.0 35.7 1.018 95.160
46.0 35.5 1.188 98.939
45.0 35.4 1.364 102.871
44.0 35.3 1.547 106.958
43.0 35.1 1.737 111.204
42.0 34.9 1.935 115.610
41.0 34.7 2.141 120.177
40.0 34.5 2.355 124.903
39.0 34.3 2.577 129.788
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Alpha Beta Angular Velocity Angular Acc.
(deg) (deg) (rad/sec) (rad/sec squared)
-6.0 -8.4 13.556 -129.289
-7.0 -9.8 13.315 -146.844
-8.0 -11.1 13.044 -162.778
-9.0 -12.4 12.748 -176.998
-10.0 -13.6 12.427 -189.453
-11.0 -14.8 12.087 -200.126
-12.0 -16.0 11.730 -209.040
-13.0 -17.2 11.359 -216.242
-14.0 -18.3 10.976 -221.807
-15.0 -19.4 10.585 -225.830
-16.0 -20.4 10.189 -228.420
-17.0 -21.4 9.789 -229.696
-18.0 -22.4 9.387 -229.781
-19.0 -23.3 8.987 -228.803
-20.0 -24.2 8.589 -226.888
-21.0 -25.0 8.196 -224.157
-22.0 -25.8 7.807 -220.726
-23.0 -26.6 7.425 -216.704
-24.0 -27.3 7.051 -212.194
-25.0 -28.0 6.685 -207.286
-26.0 -28.6 6.328 -202.066
-27.0 -29.3 5.980 -196.608
-28.0 -29.8 5.642 -190.978
-29.0 -30.4 5.313 -185.236
-30.0 -30.9 4.995 -179.432
-31.0 -31.4 4.687 -173.610
-32.0 -31.8 4.389 -167.807
-33.0 -32.3 4.101 -162.055
-34.0 -32.7 3.823 -156.381
-35.0 -33.0 3.555 -150.805
-36.0 -33.4 3.297 -145.345
-37.0 -33.7 3.048 -140.016
-38.0 -34.0 2.808 -134.828
-39.0 -34.3 2.577 -129.788
-40.0 -34.5 2.355 -124.903
-41.0 -34.7 2.141 -120.177
-42.0 -34.9 1.935 -115.610
-43.0 -35.1 1.737 -111.204
-44.0 -35.3 1.547 -106.958
-45.0 -35.4 1.364 -102.871
-46.0 -35.5 1.188 -98.939
-47.0 -35.7 1.018 -95.160
-48.0 -35.8 0.856 -91.531
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Alpha Beta Angular Velocity Angular Acc.
(deg) (deg) (rad/sec) (rad/sec squared)
-49.0 -35.8 0.699 -88.047
-50.0 -35.9 0.548 -84.704
-51.0 -35.9 0.403 -81.498
-52.0 -36.0 0.264 -78.424
-53.0 -36.0 0.129 -75.478
-54.0 -36.0 0.000 -72.654
Angular velocity of driver: 10.000 rad/sec 
Maximum velocity of the geneva: 14.259168 rad/sec
Maximum angular acceleration: -229.88197 rad/sec squared 
Maximum Shock: -13324.3 rad/sec cubed
Illustrative Situation 3.4
A designer wishes to compare the kinematic characteristics of a four station 
geneva mechanism with one of eight stations. The indexing operation in 
demand requires the driver unit to rotate at a constant 6 rad/sec. Due to 
space limitations, it is also necessary to maintain a fixed center distance of 
C = 8.00 in for both possibilities. The subroutine provides the following data for 
comparison;
For Four Station, 
n = 4
ca, = 6 rad/sec 
C = 8.00 in
maximum velocity = 14.9 rad/sec 
=> maximum acceleration = -  195 rad/sec squared 
maximum shock = -10375 rad/sec cubed
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For Eight Station,
n = 8 maximum velocity -  3.72 rad/sec
co2 = 6 rad/sec => maximum acceleration = -  25.2 rad/sec squared
C = 8.00 in maximum shock = -486 rad/sec cubed
The comparison reveals that the eight station unit provides superior motion 
characteristics leading to longer life when compared with the four station unit.
3.2.2.2 Normalized and Superimposed Plots While the graphic capabilities of 
FORTRAN are rather limited, it is possible to generate plots by linking the 
program to QUATTRO. A sample of a normalized plots of velocity and 
acceleration for an eight station geneva is shown on Figure 3.5. A complete 
package of these plots are included in the appendix for n = 3 through n = 18.
It was desired to create superimposed plot of angular velocity and angular 
acceleration of "all" possible number of stations. For better grouping, it was 
decided to generate two sets of superimposed velocity plots; one for “odd" 
number of stations and the other for "even" number of stations (see Figures 3.6 
and 3.7). The same procedure was repeated for plots of normalized and 
superimposed accelerations (see Figures 3.8 and 3.9). The utilization of these 
plots would replace most of the data that can be generated by the computer 
program (i.e. excluding the maximum shock). The examination of these plots for 
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FIGURE: 3.5 Plots of Normalized Angular Velocity and Acceleration of an



























n = 11 
,n  = 15n = 5
Angular Displacement of Driver (deg.)
FIGURE: 3*6 Normalized Angular Velocity of External Geneva Mechanisms







Angular Displacement of Driver (deg.)
FIGURE: 3«7 Normalized Angular Velocity of External Geneva Mechanisms
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FIGURE: 3.8 Normalized Angular Acceleration of External Geneva Mechanisms
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FIGURE: 3.9 Normalized Angular Acceleration of External Geneva Mechanisms
(Even Number of Stations)
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CHAPTER 4
KINEMATIC ANALYSIS OF INTERNAL GENEVA MECHANISMS
4.1 Computations of Angular Displacement,
Velocity and Acceleration
4.1.1 Introduction
Internal geneva mechanisms are utilized when an intermittent motion with dwell 
times less than 180° are required. Dynamic characteristics of internal geneva 
mechanisms are less critical when compared to external geneva mechanisms. 
This is because of the longer index period that provides more time for the driver 
to bring the driven member into its maximum velocity. This condition in turn 
results in smoother changes in acceleration and lower shocks. However, the 
geometry of this member of the family of geneva mechanisms requires a 
cantilever arrangement for the driver Arm [5]. This may cause undesirable 
vibrations depending on the speed of the operation and the size of the unit. 
Dijksman [9] proposes the use of an optimized four-bar linkage to as the driver 
unit to minimize the effects of jerk.
41.2 Index and Dwell Periods
The components of external geneva mechanisms were introduced in Section 
2.1.3. The direction of rotation of the driven wheel/member is always "the 




The "indexing" period starts from the initial engagement of the driver pin 
with one of the slots of the driven member/wheel. This period ends with the 
complete disengagement of the pin from the slot. The "dwell" period starts at 
the end of the index period and ends exactly at the initial engagement of the 
driver pin with the "next" ( ready to be indexed ) slot. While the driver 
experiences constant angular motion, the driven member can only rotate during 
the index period.
The equations for active time/index period and stationary time/dwell 
period of the motion may be expressed as follows;
where n = number of slots/stations
The ratio of the active/index time to stationary/dwell time may be 
obtained by dividing equation (4.1) by equation (4.2) as follows;
4.1.3 Change in Active Length of the Radius
As the driver pin starts its penetration into the driven member's slot, the active/ 
effective length of the radius of the geneva wheel changes instantaneously. 
The active length of the radius may be measured from the center of the driven 
member to the "instantaneous" position of the center of roller pin. While the 
angular increments of the driver member are all "equal", the respective angular
Af s  (18(f /  n) ( n  + 2)
D, = 180° -  360°/ n  = ( 1 8 C P / n ) ( n  -  2 ) (2.2),(4.2)
(4.1)
A , / D t = ( n + 2  ) / ( n - 2 ) (4.3)
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movements of the driven member generate a rather complex and non-linear 
behavior. A kinematic analysis of the above non-linearity leads to the 
development of the equations of motion.
4.1.4 Nomenclature and Preliminary Equations
Figure 4.1 (a) and (b) display the geometry of an intermediate position of the
driver and driven members of an internal geneva mechanism. The geometry of
this intermediate position will be used for establishing the general analytical 
parameters. The following preliminary equations and the listed designations will 
be utilized to simplify the expressions for equations of motion with reference to 
Figure 4.1.
Oa s  center of the driver
0 3 = center of the geneva wheel
n = number of equally spaced slots; n > 2
P0 = initial angular orientation of the driven wheel ( constan t)
P0 = 360°/ 2 n  (4.4)
p = general angular orientation of the wheel
a 0 = initial angular orientation of the driver where the engagement of the driver 
pin and the slot is about to occur ( constant) 
ol0 = 90° + po (4.5)
a  = general angular orientation/displacement of the driver; measured from 









A s i n a
(a)  (b)
FIGURE: 4.1 Analytical  P a r a m e t e r s  of In te rnal Geneva M echan ism s
44
C = Oz 0 3 = distance between the centers of the driver and driven links 
A = Rdrv = radius of the driver link; measured from center of rotation of the 
driver link to center of the roller pin ( constant)
A = Rdrv= C sin p„ (4.6)
r  = R gw s  outside radius of the driven wheel/member
R = Rĝ  = C + R#y (4.7)
Rp = radius of the roller/driving pin ( constan t)
cd2 = angular velocity of the driver member ( assumed constant)
4.1.5 Equations of Motion
Figure 4.2 represents an "arbitrary" position of the mechanism. As the values 
of a  ( angular displacement of the driver) alter “uniformly", p, the angular 
displacement of the driven wheel alters in a non-uniform fashion with respect to 
time. The expression for this non-uniform change represents the equation for
"angular displacement" of the wheel. It is required to express the non-uniform
angular displacem ent, (3, of the driven member in terms of the uniform angular 
displacem ent, a, of the driver link. The following procedure is an adaptation of 
the method presented by Rappaport [5]. With reference to geometry of Figures 
4.2, equation of the displacement of the driven member may be obtained as; 
Letting M = 1 /  sin P0
Effective radius of the driven member (RE) is calculated first as;







A c o s  a
A=Rdrv
FIGURE: 4.2 An I n t e r m e d i a t e  P o s i t i o n  of  Links  
f o r  a n  I n t e r n a l  G e n e v a  M e c h a n i s m
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A = Rdrv= C sin p0 => C = A /s in  p„ = A M  (4.6),( b )
From (a) and (b);
B = ( A2 slrf a + ( A M  + A cos a  f  )1/s ( c )
B=  (A 2 sirl* a  + A2 . M2 + A2 cosf a  + 2 A2 M cos a  ) 1/2 ( d )
B s  A (  1 + NP + 2  M cos a  ) 1/2 (4.7)
cos p = ( C + A cos a  ) / B  s  ( A  M + A cos a  ) / B  ( e )
P = cos'1 [ ( M + cos a )  / (  1 + M2 + 2  M cos a )  1/2 ] (4.8)
Equation 4.8 provides the expression for angular displacement of the driven 
member in terms of the angle a. The first and second derivatives of this 
equation generate the expressions for normalized angular velocity and 
acceleration of the driven member as follows;
(  1 / t o 2 ) d  p / d  t  = (  1 + M cos a )  / (  1 + M2 +2 M cos a  ) (4.9)
(  1 /  (Og 2) d 2 p/d t 2 = (  M sin c l )  (  1 -  M2 ) / (  1 + M2 + 2  M cos a ) 2 (4.10) 
Equations 4.9 and 4.10 together provide a package for conducting kinematic 
analysis on an internal geneva mechanism with any given number of stations 
( 3 s  n * 18 ).
Because of the variations in the selected values of roller pin diameter ( 2 Rp ), 
the values of inside radius must be obtained for finite pin diameter. Rappaport 
[5] provides the equation for the measurement of the inside radius ( Rgwj) of an 
internal geneva mechanism as follows;
S1W = D" * R J  ■ C O ?  p./''* (4.11)
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4.2 Computer Program and Normalized Plots
4.2.1 Machining Dimensions
4.2.1.1 Subroutine "INTERNALDIM" Subroutine "INTERNALDIM" was created 
for providing "machining dimensions" of the internal geneva mechanisms. For a 
given set of parameters, the computer program provides the necessary 
dimensions for fabrication of the corresponding unit.
Illustrative Situation 4.1
A designer requires the machining dimensions of an internal geneva 
mechanism based on the following design constraints;.
n = 6, C = 68.0 mm, Rp = 12.0 mm, t = 20.0 mm
The computer program provides the following required information;
Driver Geneva Wheel
Rdrv = 34.0 mm Rgw = 102.0 mm
Rgwi = 60.10 mm
The program is capable of examining cases in both "SI" and "USCS" 
units of measurement.
4.2.1.2 Table For Machining Dimensions Table 4.1 is arranged to provide 
"normalized” machining dimensions for internal geneva mechanisms. Given a 
set of constraints, the table provides machining dimensions for the 
corresponding unit.
TABLE 4.1 Normalized Machining Dimensions and Kinematic Characteristics
of Internal Geneva Mechanisms
n P. Oo R * v /c R „* /c
3 60.0 150 0.8660 1.866 0.4641 1.732
4 45.0 135 0.7071 1.707 0.4142 1.000
5 36.0 126 0.5878 1.588 0.3702 0.7265
6 30.0 120 0.5000 1.500 0.3333 0.5773
7 25.71 115.7 0.4339 1.434 0.3026 0.4816
8 22.5 112.5 0.3829 1.383 0.2768 0.4142
9 20.0 110 0.3420 1.342 0.2549 0.3640
10 18.0 108 0.3090 1.309 0.2361 0.3250
11 16.36 106.36 0.2817 1.282 0.2198 0.2937
12 15 105 0.2588 1.259 0.2056 0.2680
13 13.85 103.85 0.2393 1.239 0.1931 0.2465
14 12.86 102.86 0.2225 1.223 0.1820 0.2283
15 12.0 102.0 0.2079 1.208 0.1721 0.2126
16 11.25 101.25 0.1951 1.195 0.1636 0.1989
17 10.59 100.59 0.1837 1.184 0.1552 0.1870
18 10.0 100.0 0.1736 1.174 0.1480 0.1764
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Illustrative Situation 4.2
Obtain the machining dimensions of an internal geneva mechanism with the 
following constraints;
n = 12. C = 10.00 in, Rp = 0.625 in, t = 1.25 in
With reference to table 4.1, for n = 12, the following "normalized" information 
may be obtained. This data needs to be adjusted by the value of center 
distance "C".
Normalized Value Adjustment Factor Actual Value
Rdlv = 0.2588 in C = 10.00 in 2.588 in
RBW =1.259 in C = 10.00 in 12.59 in
The values for the inside radius corrected for finite pin diameter ( Rgwi) must be 
obtained directly from equations 4.11 as follows;
Rff., = D = ( Rp2 ♦ R.„2 . cot2 ft, ),/2  .  9.679 In
4.2.2 Normalized Plots and Subroutine “INTERNALANAL"
4.2.2.1 Subroutine "INTERNALANAL" Equations of velocity and acceleration 
were programmed in subroutine "INTERNALANAL" to provide information on 
the “kinematic" characteristics of the internal geneva mechanisms.
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Illustrative Situation 4.3
A designer wishes to conduct a complete kinematic analysis on a 6-station 
internal geneva mechanism with the following specifications; 
n = 6 stations, C = 68.0 mm, Dp = 2 Rp = 24.0 mm,
N = 180 RPM, t = 20.0 mm
To assist the designer, the computer program has been utilized to calculate the 
results. ( A partial listing of the results is presented here for space 
considerations)
Alpha Beta Angular Velocity Angular Acc.
(deg) (deg) (rad/sec) (rad/sec squared)
120 30.0 0.00 -205.1
90 26.6 3.77 -85.3
60 19.1 5.39 -37.7
30 9.9 6.08 -14.9
0.0 0.0 6.28 0.0
-30 9.9 6.08 14.9
-60 19.1 5.39 37.7
-90 26.6 3.77 85.3
-120 30.0 0.00 205.1
Maximum velocity of the geneva: 6.28 rad/sec 
Maximum angular acceleration: 205.1 rad/sec squared
It can be observed that the maximum velocity occurs at the mid-time of the 
index period while the maximum acceleration occurs at the beginning/end of 
this period.
4.2.2.2 Normalized and Superimposed Plots While the graphic capabilities of 
FORTRAN are rather limited, it is possible to generate plots by linking the 
program to QUATTRO. A sample of a  normalized plots of velocity and 
acceleration for seven station geneva is shown on Figure 4.3. A complete 
package of these plots are included in the appendix for n = 3 through n = 18.
It was desired to create superimposed plot of angular velocity and 
angular acceleration of "all" possible number of stations. For better grouping, it 
was decided to generate two sets of superimposed velocity plots; one for “odd" 
number of stations and the other for "even" number of stations (see Figures
4.4 and 4.5). The sam e procedure was repeated for plots of normalized and 
superimposed accelerations (see Figures 4.6 and 4.7). The utilization of these 
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FIGURE: 4.3 Plots of Normalized Angular Velocity and Acceleration of an





































120 140 16060 80 100 
Angular Displacement of Driver (deg.)
FIGURE: 4.4 Normalized Angular Velocity of Internal Geneva Mechanisms
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FIGURE: 4.5 Normalized Angular Velocity of Internal Geneva Mechanisms
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FIGURE: 4.6 Normalized Angular Acceleration of Internal G eneva Mechanisms
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FIGURE: 4.7 Normalized Angular Acceleration of Internal Geneva Mechanisms
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CHAPTER 5
COMPUTATION OF THE MASS MOMENT OF INERTIA OF 
EXTERNAL GENEVA MECHANISMS
5.1 Application and Originality
5.1.1 Application
While the computation of the mass moment of inertia of external geneva 
mechanisms is a  rather complex process, it is absolutely essential to have 
access to this value in order to conduct a  meaningful force and stress analysis. 
Further, it is not conceivable to optimize the design parameters without 
knowledge of the exact value of the mass moment of inertia.
5.1.2 Originality
An extensive literature search has not revealed a detailed, complete and 
accurate analysis of the mass moment of inertia of the geneva wheel. Due to 
the complexity of this computation, a set of "Normalized Plots of Mass Moments 
of Inertia of External Geneva Mechanisms" are generated by the use of the 
computer program. These plots are included at the end of this chapter to assist 
the engineer in selection and optimization of the design parameters. It is hoped 
that the value of these sets of plots will be fully recognized upon observing the 
complexity of the alternate direct computational approach.
5 7
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5.2 Geometry, Material and the Composite
5.2.1 Geometry and Material
Symmetric geometry and the uniform thickness of the external geneva 
mechanisms simplify the process of the computation of the mass moment of 
inertia. Standard external geneva mechanisms are fabricated by machining a 
single disc made of homogeneous material. The symmetric property and 
uniform thickness along with the homogeneity of the material calls for 
computation of the polar moment of inertia. A "multiplication factor" composed 
of the product of "thickness" and "density" will be utilized to convert the polar 
moment of inertia into mass moment of inertia as follows:
M.F. = p.t (5.1)
where
p = density of the homogeneous material 
t = uniform thickness of the plate
5.2.2 Breakdown of the Composite
A six station/slot geneva mechanism has been selected arbitrarily to display the 
geometric shapes of the individual positive and negative elements that form the 
entire composite. Figure 5.1 illustrates the process of the removal of the effect 
of negative elements in the computation process. This approach is analogous to 
the process of the machining steps conducted to fabricate the driven member. 
With the illustrated breakdown, it can be observed that:




FIGURE: 5.1 B reakdow n of the  Com pos i te  of the  Geneva M echanism
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5.3 Elements of the Composite
5.3.1 Computation of X A
With reference to Figure 5.2, the polar moment of inertia of the initial full disc 
with respect to the shown Z-axis may be obtained by:
X z = _TX + X y ( a )
where
T , =  T r = ( n f C ) / 4  ( b )
-Z“,  =  -Z“,  * JTy =  2 T , = 2 X,= (nR‘) / 2  (5 .3 )
Therefore, using the multiplication factor, M.F. = p . t , the m ass moment of 
inertia for the solid disc may be expressed as:
JT , = ( 1 / 2 ) p t n H *  (5.4)
r
t=UNIF0RM THICKNESS
FIGURE: 5 . 2  P a r a m e t e r s  o f  ^
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5.3.2 Computation of -Z"*
With reference to Figure 5.3 (a) and (b), the Polar moment of inertia of one of 
the rectangular elements with respect to the Z-axis may be obtained by:
T z = T x + JTy ( a )
where
JTy = T y ' = ( 1  / 1 2 ) t ? . h  = (1  / 1 2 ) ( 2 R p ) 3 ( R  - S )  ( b )
R = radius of the wheel 
Rp = radius of roller pin
S = shortest distance between 0 3 and center of roller pin 
Using the parallel-axis theorem;
T x = _Z~,' + A D2 (C )
where
_ZV " ( 1  / 1 2 ) b . ! f  = ( 1  / 1 2 ) ( 2 R p) ( R  - S ) 3 ( d )
A = b . h -  ( 2 Rp) ( R - S )  ( e )
D = ( R  + S ) / 2  ( f )
Therefore, for any "n" slot geneva mechanism, the mass moment of inertia of 
"n" rectangular elements may be expressed as:
1 a  o h  <5 -5 >
1 2 = P tn S)’ * (2 fy  ( f l -  R -S))
After algebraic reductions, the mass moment of inertia of elements "2" will be:





















I x - =  J2 b h 3  
l y- =  Y2 b 3 h
F I G U R E :  5.3 P a r a m e t e r s  o f  I 2
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5.3.3 Computation of T 3
With reference to Figure 5.4, the polar moment of inertia of one of the semi­
circular elements with respect to Z-axis would be:
T z — T x + T y ( a )
Using the parallel-axis theorem;
T y  = JTy' = ( i t / 8 ) R p4 ( b )
T x = T x ' + A D2 ( c )
where
A = ( i c R p* ) / 2  ( d )
D = S  -  ( 4 / 3  i t ) Rp ( e )
T x ' = T x " - A d 2 ( f )
where




( S - ± R P)‘ It n  4 8 Rp
(5.7)
Therefore, the mass moment of inertia of "n" semi-circular elements will be:
(5.8)
Y,Y*
FIGURE: 5.4 P a r a m e t e r s  o f  I
65
5.3.4 Circular Segments and Proper Combinations
5.3.4.1 Circular Segments
The computation of the mass moment of inertia of elements ,,4,, and "5" of the 
composite is the most involved part of the analysis. A set of equations that 
provides such values for any "n" slot external geneva mechanisms will be 
developed next.
Roark and Young [27] provide two sets of equations for "area" moments of 
inertia of circular segments which are represented below. The first and second 
set correspond to values for angles a  > n/4 and a  < tc/4 respectively. Using 
the parallel-axis theorem, along with the proper areas and distances from the 
reference axes, expressions of polar moments of inertia for segments "4" and 
"5" must be obtained. The multiplication factor, (M.F.= p.t) is employed to 
convert the polar moments of inertia into mass moments of inertia.
5.3.4.2 Appropriate Combinations
As the number of stations in the external geneva mechanisms alters from n=3 
to n=18, an "appropriate combination" of moments of inertia JT4 and JTS must 
be selected for each particular geneva. This condition exists due to the fact 
that the values of angle "a" for elements "4" and "5" of the composite shift from 
less than re / 4 to more than ;t / 4 or vice-versa depending on the number of 
stations of the geneva mechanism. A complete summary of such proper 
combinations will be presented in the final package of equations of mass 
moments of inertia of external geneva mechanisms.
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5.3.4.3 Expressions for Area Moments of Inertia of Circular Segments
For angle a  > 7t/4, the following expressions [27] must be utilized to compute 
the area moments of inertia with reference to Figure 5.5 and axes “1M and “2".
1 1 = 4 -  [ “  "  s in a c o s a  + 2 sin3 a  cos a  -  — — ^ lrt8g------- ]
4  9 (a  -  s in a c o s a )
o 4  Q (5 .9 )
I  2 = -J2  (3 a  ” 3  8 ,naC 0Sa ■ 2  sin3 a  COS a)
A = /72(a  -  s in a c o s a )
y u . R l  1 ----------------- ]
3 ( a  -  s in a c o s a )
* » - / ? [  2 8 ln3g  co sa  1
r 'b 3 (a  -  s in a c o s a )  1
y2 = f ? s in a
For angle a  < id A, the following expressions must be utilized to compute the 
area moments of inertia with reference to Figure 5.5 and axes "1" and "2".
I  , = 0 .01143/74a 7(1 -  0 .3401a2 + 0 .0450a4) 
I  2 = 0 .1333/74a 5(1 -  0 .4762a2 + 0 .1111a4)
A -  - I / ? 2a 3(1 -  0 .2 a 2 + 0 .0 1 9 a4)
3
yu  = 0 .3 /7a2(1 -  0 .0976a2 + 0 .0028a4)
y1A = 0 .2 /7 a2(1 -  0 .0619a2 + 0 .0027a4)
y2 = /7 a (1 -  0 .1667a2 + 0 .0083a4)
FIGURE: 5 .5  P a r a m e t e r s  of  C i r c u l a r  S e g m e n t s
5.3.5 Computation of _Z~/ and X 4**
Computation of the mass moment of inertia of elements "4" of the composite 
requires the proper establishment of the parameters with reference to Figure
5.6 ( which contains the information in Figure 5.5 for reference ) . T f  and 
_Z"4** will correspond to the situations in which angles a 4 > n/4 and a 4< tc/4 
respectively. T 4* will be determined first as follows:
Polar moment of inertia is
After proper substitutions and algebraic manipulations, _Z~z may be obtained as:
T Z = T X + T y ( a )
Using the parailel-axis theorem;
( b )
where
1  *' = ^  1 = I -  s ln a 4c o s a 4 + 2sln3a 4c o s a 4 -
16slnca4 
9 (a 4 cos
A4 = R 2 ( ® 4  ~ slna4cosa4) ( c )
D4 = R -  R [ 1 -






« 4 a 4
x
1.x*
FIGURE: 5.6 P a r a m e t e r s  of  I 4
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Using the multiplication factor, M.F. = p.t., the mass moment of inertia for "n“ 
elements with angle a 4 expressed in radians would be:
1 4 = nP* [ 3*4 -  sta 2a4 ( -1  + cos2^ )  ] (5.12)
For situations where angle a 4< it/4 , will be utilized to compute the mass 
moment of inertia. With reference to Figure 5.6 , the polar moment of inertia of 
elements "4" would be:
-Z ~ r — Tx + Ty (  a )
where
Ty -  Ty’ = 0.1333 R 4a4s (1  -  0.4762 a42 + 0.1111 a44 ) ( b )
Using the parallel axis theorem;
T x = T x' +A4 D*4 ( c )
where
I  X' -  0.01143 R4( a4 )7 ( 1 -  0.3491 a 42 + 0 .0450«44 )
4 , = |  /72a 43 ( 1 -  0 .2 a 42 + 0 .019a44 ) ( d
D4 = R -  0.3 R  a 42 ( 1 -  0.0976 a 42 + 0.0028 a /  )
Therefore, the mass moment of inertia of elements "4" of an unu slot geneva 
mechanism would be:
I  r  = n p t ( I  x' + A D i + I  y ) (5.13)
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5.3.6 Compulation of X *  and _Z~5**
Computation of the mass moment of inertia of elements "5" of the composite 
may be conducted using the dimensions shown in Figure 5.7 . Mass moment of 
inertia in T *  and _zy* will correspond to the situations in which angles 
a 5 > ti/4 and n/4 respectively. The expression for mass moment of inertia 
_ZV is established first.
Polar moment of inertia,
T Z = T X + T y ( a )
where
( 3<x5 - 3 slna5cosa5 - 2 sin3a5cosa5)




R 4I  X' = -~r- [ as - sina5cosa5 + 2 sir^agcosa. - 4 9 ( a 5 - s in a 5COSa5)
16 sinea5
— R ^  ( Og ■ 8ln a 8C0 8 ag)
( d )
=  c - rl + yu  = c- 3 ( a5 - slnagOOSttg)
/i«  = * l [ 1 - 3 ( a5 - sinascosa5)
2 sln9as
where C = center to center distance and RL = Radius of Locking Plate
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Y, Y
FIGURE: 5 . 7  Param eters  of I5
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After proper substitutions and algebraic manipulations, the mass moment 
of inertia for "n" elements with otg expressed in radians would be:
R *  2 .  (5.14)
I  5* = n p t i —~~ ( a5 -  sfna5cosa5 + -f s iira 5cosa5] +
2 3
R f  ( a ,  -  s in a ,c o s a ,  ) [ C 2 -  % C  } ,
3 a5 -  sina5cosa5
For situations where angle a 5 > itl4 , T s** is utilized to compute the mass 
moment of inertia as follows:
With reference to Figure 5.7 , the polar moment of inertia of elements ''5" is: 
T [ — T x +  T y ( a )
where
T y - T y' = 0.1333 RL4 a s s (1 - 0.4762 a52 + 0.1111 a54) ( b )
Using the parallel axis theorem;
T„ = T x' + As D 2 ( c )
where
I  = 0 .01143 Rl* (a ,)7 ( 1 -  0 .3 4 8 1 a ,2 ♦ 0.0450 a ,4)
‘  I  r lW  ( 1 * 0-2 a , 2 * 0 .0 1 8 a ,4) ( d )3
= C  -  Rl + 0 .3  R as2 ( 1 -  0 .0976o52 + 0 .0 0 2 8 aa4)
Therefore, mass moment of inertia of "n" elements of "5" is:
J ,* *  = / 1 p f ( I , .  . A x O * * !  , ) (5.15)
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5.4 Expressions for S, a 4 _ otg and RL
5.4.1 Development of the Equations
The equations developed for _Z"y , T 2 . -Z~3 , X 4* , JT4* * , X B * and _ZV *, contain 
the parameters : R, C, S, RP , RL , n , p , t , a 4 and a s . The parameters S, 
a4 , cts and RL need to be expressed in terms of the " remaining 1 parameters.
To guard against the tip failure, Jensen [28] proposes the use of a tip width that 
is equal to the radius of the roller pin. This geometry simplifies the computation 
of the above parameters. With reference to Figure 5.8, the expressions for the 
above parameters will now be developed. From Figure 5.8 (a); 
sin P0 = A / C  => A = C s in $ 0 (5.16)
S  = C -  A
.*. S  = C ( 1  - s in  po ; (5.17)
From Figure 5.8 (b), it can be observed th a t : 
a 6 = s in 1 (  2  Rp / R  ) (5.18)
.. « 4 = Po -  s in -1 ( )
From Figure 5.8 (b), it can be observed th a t :
Rl = C 8 ln p 0 -  2 Rp
2Rp
2Rp
B = R = R g w
A = R d r v
( b )
F I G U R E : 5 . 8  P a r a m e t e r s  f o r  S ,  « 4  , a 5  , a n d  R l
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5.5 Proper Allocations for Final Package of Equations
5.5.1 Proper Allocation of _Z"/, _Z"/* , T *  and JTS**
Upon careful examination of the geometry of geneva mechanisms, it can be 
observed that as the number of stations alters, the values of a4 and as 
becomes larger or smaller than tc/4. This in turn calls for the proper allocation 
of J T / , JT/* , _Z~5* and JTS** for any "n" station geneva mechanism with n = 3 
through n = 18. The following allocations may be observed;
For n = 3
« 4 > *  -  
4 4 i :
For n = 4 : « 4 < - J  “  I *
« . < i I
For n = 5 ->18:
«4 < ^ -  
4 4
«8 > - J
r  #41 4
i S
Therefore, the following may be concluded for the proper utilization of the 
above equations ;
IF n = 3 -► USE I S
ELSE - USE j- Irir■L 4
IF n z 4  -* USE T ★★1 5
ELSE - USE I S
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5.5.2 Final Package of Equations
Having access to equations for each of the elements of the composite and 
proper allocations of X 4 , Z 4** , T *  and Z s** , it is now possible to obtain: 
X s w  — X i  - ( X  ̂ +■ X 3 + T t + X s )  ( 5 . 2 ) , ( 5 . 2 2 )
where:
X QW -  mass moment of inertia of Geneva Wheel
For n = 3 Stations; X aw = X 1 -  ( X 2 + Z 3 + Z 4 *+ Z s**) (5.23)
For n = 4 Stations; X aw ~ X , -  ( X 2 + Z 3 + Z 4 **+ X 5**) (5.24)
For n > 5 Stations; X aw = T 1 -  ( X 2 + Z 3 + X 4** + X s* ) (5.25)
I  ^  I p  tit R 4 ( 5 . 4 ) ,  ( 5 . 2 6 )
( 5 . 6 )  , ( 5 . 2 7 )
I  r p t n  -  S)[(R - S f  +  4 R f ]  +  2Rp(R  -  S ) ( - ^ - ^ ) 2  >
I  s -  t < ( |  -  £  R* * (5  -  > (5.8), (5.28)
I  « ■ apt  [ 3««  -  sin 2 o 4 ( + cos2 a . )  ] (5.12),(5.29)
I  r  -  «p t ( I  * AOt * 1  y )
where
(5.13),(5.30)
I  x' = 0 .01143 R 4 ( a4 )7 ( 1 -  0.3491 a /  + 0 .0 4 5 0 a /  )
4# » I  R *«/  ( 1 -  0 . 2 a /  + 0 .0 1 9 a /  )3
D4 = R  -  0 .3  R  a /  ( 1 -  0.0976 a /  + 0.0028 a /  )
I  y = 0 .1333 /?4 a /  ( 1 -  0.4762 a /  + 0.1111 a / )
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(5.14),(5.31)
sfn3a5cosa5] +[ a5 -  sina5COSas +
R 2 ( a5 -  sin a5 cos a 5 ) [ C 2 -  °  gs------]}
I  x, = 0 .01143 Rl4 (ag)7 ( 1 -  0.3491 a 52 + 0 .0450 a 54)
Ds = C  -  RL + 0 .3 f f a s2 ( 1 -  0 .0 9 7 6 a 82 + 0 .0 0 2 8 a s4) 
I  y = 0 .1333/7t4a 5s ( 1 -  0 .4 7 6 2 a 82 + 0.1111 a 84 )
R = radius of the geneva mechanism, ( R = C cos (30 )
C = center to center distance, ( C = 0 2 0 3 )
n = number of slots/stations
p = mass density of the material
t = uniform thickness of the wheel
RP = roller pin radius
P0 = 360°/ 2n , ( Initial angular position)
( shortest distance from center C>3 to center of roller pin )
3  a5 -  sin a 5 COS a 5
I f  = n Pt (  I  X, + + J y )
(5.15),(5.32)
where:
= % RL2as3 ( 1 -  0 .2 a 52 + 0 .0 1 9 as4) 
3
S  = C ( 1 - sin $0 ) (5.17), (5.33)
a4 = p0 - s ln 1 ( 2  ftP /  f t )
as s  tan'1 (  ft sin a 4 /  (  C - f t  cos a 4) )





5.6 Subroutine 11 INERCiACALC " and Illustrative Situations
5.6.1 Subroutine "INERCIACALC 1
Due to the tedious and extremely time consuming process of the computation 
of the m ass moment of inertia, the corresponding equations have been 
programmed in subroutine ” INERCIACALC " of the computer program. The
program provides rapid and accurate access to the values of m ass moment of
inertial JTaw for an infinite combination of design parameters. The following 
illustrative situations display the capabilities of this portion of the program.
5.6.2 Illustrative Situations 
Illustrative situation 5.1
For the following given constraint, a designer has to select the value of 
thickness "t" so that 0.0126 kg.m2 5 JTaw 2 0.0127 kg.m2 
n = 8, C = 100.0 mm, material = steel, Rp = 10.0 mm
After several trials, the computer program provides the following:






Therefore, a value of t = 24.5 mm would satisfy the design requirements.
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Illustrative Situation 5.2
Compute the mass moment of inertia of an external geneva mechanism with 
the following design constraints; 
n = 5 stations
material = steel, R = 5.00 in
t -  0.500 in, RP = 0.400 in
The program provides : JTa w = 0.125 lb-in-sec2
Illustrative situation 5.3
A designer wishes to use a 16-station geneva mechanism that is made of 
Aluminum 6061-T6 for a certain indexing operation. The values of R = 6.25 in, 
and RP = 0.3125 in are parts of the constraints. To remain within the safe 
range of the maximum allowable stresses, oc , it is required to limit the value of 
mass moment of inertia JTaw to 0.0150 lb-in-sec2. To accomplish this task, the 
designer must determine the exact value of thickness, t to satisfy the above 
condition. Utilizing the computer program, upon several trials;
= 1.375 in => _Z~q w = 0.0186 lb-in-sec2
= 1.250 in => _Z"flWr= 0.0169 lb-in-sec2
= 1.188 in => X aw =  0.0161 lb-in-sec2
= 1.125 in => X Q = 0.0152 lb-in-sec2
= 1.063 in => Xq w = 0.0144 lb-in-sec2
= 1.094 in => T q w -  0.0148 lb-in-sec2
= 1.105 in => JTa w = 0.014942 lb-in-sec!
5.7 Normalized Plots of M ass Moments of Inertia and Correction Factor Ku
5.7.1 Normalized Plots
As mentioned in the beginning of this chapter, a set of " Normalized Plots of 
Mass Moment of Inertia n are generated using the computer program. These 
plots can provide speedy and accurate estimates of the values of JTa w .
While Jensen [28] presents normalized plots of m ass moment of inertia for 
steel, the values obtained from those plots are "different" from the ones 
presented in this work. This is mainly because of the "difference" in the 
equations used for the generation of the plots. Also, the plots presented in this 
work provide the designer with the freedom of working with any desired 
material.
Because of their " Normalized 1 nature, any combination of design 
parameters could be utilized in either "SI" or "USCS" units of measurement. It 
is important to note that these plots are generated based on values of tip width 
being equal to the radius of the roller pin.
Given the number of stations, n, R and Rp, it is possible to obtain the 
ratio _Z~a w /  K„ from the charts provided for odd and even numbered stations. 
The "Actual" value of the J7aw is determined by multiplying ( X QW /  K„ ) by 
K„ . See Figures 5.9 and 5.10.
5.7.2 Correction Factor K„
It is quite interesting to note that the equations for each of the elements of the 








FIGURE: 5 .9  Normalized Mass Moment of Inertia of External Geneva Mechanisms









FIGURE: 5.10 Normalized Mass Moment of Inertia For External Geneva Mechanisms
(Even Number of Stations)
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normalized values along with the effect of material's density, thickness and Rp . 
The correction factor, K„ may be expressed as:
K„ - P-t( ^ ) 4
Where
p = Mass Density of the Material 
t = Thickness 
R = Radius of the Geneva
The validity of this process has been checked meticulously with numerous 
comparisons made between the exact values obtained through subroutine 
" INERCIACALC " and the above procedure. Depending on the quality of the 
" GRAPHICS ", the results may be nearly perfect. This claim is displayed 
through the following illustrative situation.
5.7.3 Procedure for Using the Normalized Plots
To illustrate the procedure, the following design constraints will be employed; 
Material = Steel, RP = 0.400 in
n = 5 stations, t = 0.500 in
R = 5.00 in
Step 1: Obtain the ratio of R / 2RP = 5.00 in / [ 2 ( 0.400 in ) ] = 6.25 
Step 2: Locate the curve corresponding to the number of stations (n =5).

















FIGURE: 5.11 Steps for Obtaining the Normalized Value of
Mass Moment of Inertia
o»Ol
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Step 3: Obtain the intersection of the vertical dropped from the value of 
R / 2RP, { 6.25) to the curve in Step 2, (n = 5).
Step 4: From the intersection point in Step 3, drop a  horizontal to the
axis: _Z~a w / K u . This value is the Normalized value of the mass 
moment of inertia, JTa w /  K„ = 5.45 x 103 
Step 5: Compute the numerical value of the Correction Factor;
Km = p.t. ( R / 10 )4 = ( 7.36 x 10'4 ) ( 0.500 ) ( 5.00 / 10 )4 = 2.30 x 10’5 
Step 6: Obtain the actual value of _Z~Q w = ( JTa w /  K„ ) x K„
T aw = 5.45 x 103 x 2.30 x 10'5 = 0.125 Ib-in-S2 
The design parameters used in the display of the procedure are 
identical to those used in illustrative situation 5.2. The comparison of the exact 
results obtained from the computer program with the results obtained from the 
charts reveals the high degree of accuracy of this " quick and reliable " method.
It is important to note that the normalized plots could still be utilized if 
the designer wishes to work with param eter" C ", ( center to center distance ) 
instead of param eter" R ", ( radius of the geneva ). All that needs to be done 
is to obtain the corresponding value o f " R " in terms o f " C " using the following 
equation;
R  = C cos  PD = C cos (  360°/ 2 n  ) (5.38)
CHAPTER 6




Conducting force analysis is the pre-requisite for estimating the critical stresses 
that may cause failure. The availability of this information enables the designer 
to make adjustments in the dimensions of the components leading to an 
optimized operation. These adjustments could range from changing the 
physical dimensions of the linkage to modification of its general configuration or 
changing the speed of operation.
6.1.2 Development of the Equations
Figure 6.1 displays the kinematic chain of the driver and the driven members of 
an external geneva mechanism in an arbitrary position. As discussed in 
Chapter 3, the uniform angular motion of the driver is matched with a non- 
uniform angular displacement of the driven member. Force F23 is generated by 
the driver which transmits power onto the driven member. The magnitude of 
this force depends on the instantaneous orientation of the driver and the driven 
member (effective length of the radius of the wheel) and the corresponding 
instantaneous acceleration of the wheel. The force can be broken down into 






FIGURE: 6.1 P a r a m e t e r s  Invo lved  in t h e  F o r c e  A n a ly s i s
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force exerted by the wheel on the roller pin. Now,
IIW  =  JT a (6.1)
where
£  M = sum of the moments through the mass center 
X = mass moment of inertia of the body 
a  -  angular acceleration of the body 
The corresponding form of equation 6.1 for this system is;
M  — F 2 3  • ftg — ■ I 'a w  ■ (6 ,2)
In equation 6.3, the mass moment of inertia is computed based on the given 
values of n, C, Rp, t, p from equations developed in Chapter 5. RE is easily 
expressed as;
where X = A /  C
For a given value of Ma", it is possible to compute the value of F23. With 
reference to Figure 6.1, the tangential component of the force, ( F23' ), may be 
obtained as;
(6.3)
RE = B = ( A2 + C2 -  2  A C  cos a  )1/2 (6.4)
The expression for otg was developed in Chapter 3 as; 
a 3 = co/ (X 3 -  X )  sin a  /  (  1 +X2 -  2 X cos a  f (3.16), (6.5)
F23 = F23 • COS (HK (6.6)
where
¥  = 180° - a
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Illustrative Situation 6.1
Obtain the value of force ( F23) at a  = 15° for a 5-station geneva mechanism
with the following specifications;
cc»2 = 10 ra d / sec, n = 5, R = 5.00 in,
Rp = 0.40 in, t = 0.50 in, JTaw = 0.125 lb-in-sec2
From table 3.1 and the following equations;
(3.7) => C = R /  cos p0 = 5 / c o s  36° = 6.18 in
(3.8) => A = Rdrv -  C sin p0 -  6.18 (sin 36°) = 3.63 in
(6.4) =* RE = [ A2 + C2 -  2 A C cos 15° ] 1/2 = (8.02) 1/2 = 2.83 in
(6.5) =* 0(3 = 226 rad /  sec2
The force exerted by the pin on the slots is evaluated as
(6.3) => F23 = 0.125 (226) /2 .8 3  = 9.94 lb
6.1.3 Indexing an External Load
For operations in which the mechanism has to index on external load with a 
constant mass moment of inertia/inertia load ( XL ), equation 6.3 has to be 
adjusted as follows;
F23 — ( T ^  + T l )  . a 3 / /? E (6*7)
Equation 6.7 contains ail possible parameters for a complete force analysis. In 
this equation, if no external loads are present in the operation, the value of JTj, 
will be set equal to zero.
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6.1.4 Subroutine "FORCEANAL"
As seen in illustrative situation 6.1, the process of computing the value of force 
even for "one" orientation is tedious and time consuming. Equations 6.3, 6.4,
6.5 , 6.6 and 6.7 are programmed to speed up the process as well as 
evaluating the maximum value of force. Depending on the number of stations, 
"2 (Xq 1 increments of one degree are tested to find the magnitude and 
orientation at which the maximum force occurs. The values of mass moment of 
inertia is obtained from the corresponding subroutine.
Illustrative Situation 6.2
Obtain the vatue of "maximum" force and "maximum" tangential force and their 
corresponding angles for the geneva in illustrative situation 6.1. 
n = 5, R = 5.00 in, Material: Steel, t = 0.500 in, Rp = 0.400 in 
The computer program calculates the following results;
JTqW =0.125 lb-in-sec2 
F23 (max.) = 9.968 lb at 15.39°, F23'(max.) = 8.456 lb at 12.69°
It is interesting to note that in the previous situation, the value of JTaw was 
provided while in this situation, the program "calculated" this value.
Illustrative Situation 6.3
The same geneva in illustrative situations 6.1 and 6.2 is now utilized to index an 
inertia load of 0.250 lb-in-sec2 . Compute the maximum resulting forces based on 
the introduction of the external load into the operation.
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The computer program calculates the following results;
F23 (max.) = 29.90 lb, F23' (max.) = 12.69 lb
The percentage difference between the values of the new loads and the loads 
in situation 6.2 is considerably significant as expected.
6.1.5 Table of Normalized Kinematic and Kinetic Characteristics of External 
Geneva Mechanisms
Table 6.1 is generated to provide Mnormalizedu kinematic and kinetic
characteristics. The last column provides the normalized maximum shock that
is experienced by the system. Table 3.1 and 6.1 together provide means to
make a complete assessment of the dimensions and dynamic behavior of an
external geneva mechanism with any feasible number of stations ( 3 * n * 18 ).
TABLE 6.1 Normalized Kinematic and Kinetic Characteristics 










(P23)m«. (F A *
Sm„/ffl23
3 60 30 6.46 31.4 4.05 3.60 -671.6
4 45 45 2.41 5.41 9.90 8.55 -48.04
• 36 54 1.43 2.30 15.4 12.7 -  13.33
6 30 60 1.00 1.35 20.1 16.2 -  6.000
7 25.71 64.29 0.77 0.93 24.1 19.0 -  3.429
8 22.50 67.50 0.62 0.70 27.7 21.3 -  2.250
9 20 70 0.52 0.56 31.15 23.1 -  1.611
10 18 72 0.45 0.46 33.8 24.8 -  1.226
11 16.36 73.64 0.39 0.40 36.8 26.1 -  0.974
12 15 75 0.35 0.35 39.0 27.4 -0.800
,3 13.85 76.15 0.31 0.31 41.5 28.6 -  0.674
14 12.86 77.14 0.29 0.28 43.6 29.7 -  0.579
15 12 78 0.26 0.25 45.2 30.4 -  0.505
16 11.25 78.75 0.24 0.23 47.2 31.1 -  0.447
17 10.59 79.41 0.23 0.22 48.8 31.8 -  0.400
18 10 80 0.21 0.20 50.4 32.4 -  0.361
OO 0 90 0 0 90 45 0
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6.2 Normalized Plots of Maximum Force
6.2.1 Application
A set of normalized plots has been carefully generated using the computer 
program to provide information concerning the control of the forces. Because 
of their "normalized" nature, any combination of design parameters could be 
utilized in either "SI" or "USCS" units of measurement. Given the number of 
stations “n", wheel radius "R" and pin radius "Rp", it is conceivable to obtain the 
ratio ( F /  KF ) from the charts provided for odd and even numbered stations. 
The "actual" value of the force, "F", is determined by multiplying ( F /  KF ) by 
Kf . Figures 6.2, 6.3 and 6.4 have been generated with scales such that a 
meaningful comparison could be conducted.
6.2.2 Correction Factor Kp
Special care has to be taken when using the correction factor "KF". This is 
because the limitations on the scale of the charts did not allow for using 
consistent units in "USCS”. The correction factor, KF may be expressed as:
= . f .p . R 3 (6.8)
where in "USCS”;
to, =» rad /  S (angular velocity of the driver)
t => in (thickness)
R => ft (radius of the wheel)
p => slugs and ft (mass density of the material)
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and in "SI", all units follow the conventional M.K.S. as follows; 
C02 => rad/Sec (angular velocity of the driver)
t => m (thickness)
R =» m (radius of the wheel)
p => kg/m3 (mass density of the material)
6.2.3 Procedure for Using the Normalized Plots
Exact same steps that were taken in Section 5.7.3 ( page 84-86 ) need to be 
taken for this set of normalized plots. Of course, the only difference would be 




































In higher speeds, and at the presence of external loads, the kinematic 
characteristics of external geneva mechanism become quite critical with the 
possible generation of excessive dynamic loads. This in turn may lead to 
considerable roller pin and slot wear. Another possibility is failure at the vicinity 
of the locations where the proximity of the discontinuities of the wheel is most 
pronounced. Therefore, conducting stress analysis is required for estimating 
whether the critical components of the machine will provide a satisfactory 
endurance limit and life cycle.
6.3.2 Development of Equations
The engagement of the roller pin of the driver member with the slots of the 
wheel correspond to the movement of a  cylinder on a flat surface. Ugural and 
Fenster [29] provides the equations for contact stresses of a cylinder on a flat 
plate as follows;
0.418 ( PE / ( U )  )1/2 (6.9)
where 
P = force
L = length of the cylinder 
r = radius of the cylinder
In this equation, it has been assumed that the elastic modulus, E, of both 
the cylinder and the flat plate are identical. This assumption provides the
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"worst case" senario for the corresponding contact stress, (i.e. staying on the 
safest side for analysis) The parameters of the cylinder in equation 6.9 must 
be adjusted for the roller pin as follows;
L = roller thickness/depth = thickness of the geneva wheel = t 
r = roller radius = Rp
After substitution of the above adjustments and algebraic manipulations, the 
equation for contact stress ( ctc ) may be expressed as follows; 
ctc = 0.5910 ( F23max . E /(2  Rp . t) )1/2 (6.10)
Roark and Young [30] provide the exact same equation as Ugural and 
Fenster [29] do and they also provide the shear stress, x, for the above case as 
follows;
% = ( 1 / 3 )  c c (6.11)
Equations 6.10 and 6.11 will be utilized to estimate the stresses in the 
critical members of an external geneva mechanism. These equations presume 
the utilization of identical materials for the roller pin and the driven memeber of 
the geneva mechanism.
6.3.3 Subroutine "STRESSANAL."
The equations of stress have been programmed to speed up the process of 
analysis and synthesis of external geneva mechanisms. For the selected 
materials and a given set of constraints, it is possible to estimate whether the 
mechanism will produce a  satisfactory life cycle.
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Illustrative Situation 6.4
A designer is considering the use of a six station external geneva mechanism 
that is made of aluminum for an indexing operation with the following 
constraints. Compute the resulting stresses and make a recommendation 
based on the analysis.
n = 6, C = 5.00 in, Rp = 0.40 in, t = 0.8 in 
N = 2000 RPM, I L = 0.020 lb-in-sec2,
®aiiow = 12,000 psi, tAll0W = 4,500 psi 
The computer program calculates the following result;
<jc1 = 51,875 psi
Using double roller pins may reduce the RPM by half while maintaining 
the same index count. With this arrangement (i.e. N = 1000 RPM), the program 
calculates the new value of stress as;
<tc2 = 25,460 psi
While the above recommendation made a significant improvement on the 
conditions of stress, it is not yet satisfactory. The use of a 12 station unit with 
double roller pins is considered next. The program calculates the 
corresponding stress values which are within the prescribed limits as; 
ctc3 = 11,173 psi 
x = 3725 psi
CHAPTER 7
ANALYSIS AND OPTIMIZATION OF DESIGN
7.1 Optimization of Design 
7.1.1. Performance Parameters
The main task in the design process of external geneva mechanisms is the 
control of the dynamic performance characteristics. A sound design should 
lead to the generation of a machine that provides smooth, reliable, safe and 
trouble free operation with minimized possibility of failure due to fatigue.
In this chapter, the provided illustrative situations examine several 
practical cases in which the material presented in this work will be utilized to 
obtain satisfactory solutions.
7.2 Computer Program and Normalized Plots
7.2.1 Combined Capabilities of the Computer Program
The material presented in Chapters 3, 5 and 6 provide a complete package for 
the purposes of analysis, synthesis and design of the external geneva 
mechanisms. The equations developed for kinematic and kinetic analysis were 
all incorporated in a  FORTRAN code for accuracy, ease and speed of 
computation. The capabilities of each subroutine was demonstrated through 
several illustrative situations at the end of the corresponding chapters. The 
computer program is designed so that it can deliver a complete package of
1 0 2
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design activities. It is capable of assisting the designer in obtaining the desired 
information for optimizing the design by changing any of the design parameters. 
Further, a complete force and stress analysis can be implemented to find out 
whether a satisfactory life cycle will coexist with the selected design 
parameters. The flowchart of the program is shown in Figure 7.1.
The compatibility of the results obtained through kinematic and kinetic 
analysis is the key factor in the delivery of the satisfactory life cycle and a 
reliable operation. The capabilities of the program for conducting analysis on 
external geneva mechanisms are as follows:
1. Conduct analysis to obtain "Machining Dimensions";
(subroutine: EXTERNALDIM)
2. Conduct analysis to obtain "Kinematic Characteristics";
(subroutine: EXTERNALANAL)
3. Conduct analysis to obtain “Mass Moment of Inertia";
(subroutine: INERTIACALC)
4. Conduct "Force Analysis" on the critical members;
(subroutine: FORCEANAL)
5. Conduct "Stress Analysis" on the critical members;
(subroutine: STRESSANAL)
The capabilities of the program for conducting analysis on internal 
geneva mechanisms are as follows:





SYSTEM OF TYPE OF
UNITS -B GENEVA
'• S I 1 -EXTERNAL
I-U SC S INTERNAL
n*NUMBER OF STATIONS
N-RPM  OF THE DRIVER
R •O U T S IO E  RADIUS OF GENEVA B*
OR
C -CEN TER DISTANCE
TYPE OF M A TER IA L!D EN SITY )
I  -M A SS MOMENT OF IN ERTIA  
P OF EXTERNAL l o a d
R -R A D IU S  OF ROLLER P |N  
P
L -T H IC K N E SS OF CENEVA
EXTERNAL
COMPUTE 
D IM ENTIONS FOR 
M A CH IN IN G ;
n-NUMBER OF ST A TIO N S 
g  N-RPM OF THE D RIVER 
C-CEN TER DISTANCE 










( « , )  OF 
D RIV EN  MEMBER
GENERATE 


























A C C EiER A TIO N  < « , )  
O F D RIVEN 1
MEMBER
COMPUTE














IN E R T IA  OF THE 










S T R E S S !
FIGURE: 7.1 Flow chart of th e  C om puter Program
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2. Conduct analysis to obtain "Kinematic Characteristics";
(subroutine: INTERNALANAL)
It is now possible to examine the combined capabilities of the program 
by considering challenging situations that call for a complete package of tools 
regarding the optimization of the design.
Illustrative Situation 7.1
A designer wishes to use aluminum alloy 2024 - T4 (extruded) to create a six 
station external geneva mechanism. The fatigue factors require the use of a 
factor of safety of 3.45. The operation in demand specifies that the input driver 
rotates at a  constant 180 RPM and indexes a  load with mass moment of inertia 
of 0.250 lb-in-sec2. The space constraints require the use of a center to center 
distance of 5.00 in. It is preferred to use a thickness that is twice as large as 
the roller pin radius. The dimensions that meet the above requirements are to 
be synthesized.
n = 6, C = 5.00 in 
N = 180 RPM, T l = 0.250 Ib-in-sec2, t = 2 Rp 
Material: Aluminum Alloy 2024-T4 (extruded) 
ac = av= 44 ksi, E = 10.6 x 106 ( Popov [31])
F.S. = 3.45 /. <yA|t0W> = 44,000 psi /3 .4 5  = 12,750 psi
The computer program provides the following results based on the trial values 
of the first and the second columns.
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Rp = t / 2 t = 2 R p -C QW F Âllow.
(in) (in) (lb-in-sec2 ) (lb) (psi)
0.350 0.700 0.001297 42.70 17,960
0.400 0.800 0.001566 42.74 15,725
0.500 1.00 0.002130 42.84 12,595
The use of Rp = 0.5 in and t = 1.00 in satisfies the design constraints.
Illustrative Situation 7.2
In an indexing operation, a twelve station geneva mechanism is to index an 
inertia load of 0.0200 lb-in-sec2 at a rate of 500 steps per minute. The driver is 
equipped with two roller pins. The fatigue considerations require the contact 
stress between the pins and the slots to be kept under 16.5 ksi. The designer 
prefers to choose a thickness equal to the diameter of the pins. The space 
limitations Impose the value of "R" to be 1.75 in * R * 2.75 in. Determine the 
values of "R", "t" and "Rp“ to satisfy the constraints.
Since the driver has "two" roller pins, it must be driven at N = 250 RPM 
to index at a rate of 500 steps per minute.
n = 12, N = 250 RPM
Material: Steel, E = 29.5 x 106 psi
âiiow. = 16*5 ksi 
JTl = 0.020 lb-in-sec2, t = 2 Rp 
1.75 in d R * 2.75 in 














1.75 0.125 0.250 0.00178 3.47 23.94
2.00 0.150 0.300 0.00366 3.30 19.48
2.25 0.1625 0.325 0.00634 3.27 17.86
2.50 0.1875 0.375 0.0112 3.48 15.97
As can be seen, the values in the last row of the trial table satisfy all the 
constraints of the design. It is interesting to observe that the mass moment of 
inertia of the qualified wheel is over 50% of the inertia load (i.e. JTaw /  JTL = 
0.0112 /0 .0 2  = 0.56). Ignoring the participation of this significant factor (JTaw) 
would result in generation of a machine that could not deliver satisfactory 
operation and life cycle. This solution clearly reflects the importance of the 
material presented in Chapter 5.
7.2.2 Normalized Plots used as Design and Analysis Tools
While the computer program provides exact value for each part of the analysis 
and optimization of the design, the normalized plots can quickly deliver a large 
portion of the above capabilities. They can be used as a starting point for 
selecting the design parameters that would be within acceptable range of 
modification. For this purpose, a complete set of these plots are presented in 
the appendix.
CHAPTER 8
A NOVEL APPLICATION OF EXTERNAL GENEVA MECHANISMS 
FOR SYNCHRONIZATION OF MOTION
8.1 Application and Originality
8.1.1 Application
There are certain operations that require "special indexing" and 
"synchronization of multiple simultaneous motions" that call for ingenious 
applications of conventional intermittent mechanisms. Special application of 
external geneva mechanisms will be proposed to achieve certain 
synchronization processes which may find practical applications.
8.1.2 Originality
Perhaps, the single largest obstacle in the design of any "time" related 
operation is the problem of "synchronization". The availability of the 
mechanisms for delivery of the desired functions, established and tested 
techniques combined with the ingenuity of the designer are the key factors in a 
successful design. The proposed designs and techniques in this work provide 
means to accomplish a special and novel application of the external geneva 
mechanism. It is hoped that this effort will provide the mechanical engineer 
with a new tool and a fresh approach that overcomes certain synchronization 
problems. It is important to emphasize that the applications of this technique
1 0 8
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may go far beyond what is proposed here and further explorations may reveal 
solutions to other intermittent motion problems.
8.2 Synchronization of the Motion of Multiple 
External geneva Mechanisms and Their Applications
8.2.1 Applications in Packaging
Chapters 2 and 3 provided detailed information about the components of 
external geneva mechanisms as well as their kinematic behavior. For a given 
standard geneva mechanism, the index and dwell times "repeat" their pattern in 
a continuous and predictable fashion. A single geneva mechanism could be 
utilized for an indexing operation that repeats the same function(s) in a given 
task.
Geneva mechanisms may be used to control the movement of systems 
of conveyor belts. The incremental movements of the conveyor system may be 
synchronized by the index motion of geneva mechanisms. The driven member 
of the geneva serves as the controlling element of the conveyor system's 
intermittent motion. Here, the driven member of the geneva acts as the 
input/driver of the conveyor.
For certain packaging operations, it is required to have the movement / 
timing of two ( or more ) conveyor belts synchronized with each other. 
Therefore, the synchronization of the timing of the conveyors requires the 
synchronization of the motion of their corresponding driver/input members. The 
remainder of this chapter focuses on generating designs and techniques for 
solving this synchronization problem.
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8.3 A Single Driver for Synchronizing the Motion 
of Multiple Driven Members
8.3.1 Justification and Need for the Use of a Single Driver
It is possible to synchronize the movements of "two" driven members of 
external geneva mechanisms if the driver member of one of them serves also 
as the driver member of the other unit. In addition to the advantage of creating 
a synchronized system, the use of a single input reduces the cost noticeably by 
eliminating the intermediate links.
Figure 8.1 shows two 4-station geneva wheels driven by a single 
conventional driver. It is important to note that both of the driven members 










FIGURE: 8.1 Two G en ev a  W h e e l s  Driven by a  S ingle  
C o n v e n t io n a l  Driver
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8.3.2 Design of the Novel Drivers
In Section 8.2.3, it was stated that the main task in this chapter is to 
synchronize the movement of two or more conveyor belts by synchronizing the 
movement of their input members. To achieve this task, three different types of 
drivers are introduced. Each of these drivers provides the system with certain 
characteristics. Figure 8.2 displays the geometric arrangement of the 
components of the three drivers. For future reference, they have been 
designated as type "A", "B" and "C" drivers.
8.3.2.1 Type "A" Driver This type of driver is designed to activate two driven 
members ( geneva wheels) simultaneously. A single input shaft provides input 
for both wheels. This system is analogous to a driver pinion between two 
identical gears. However, the left portion of the driver does not have to 
necessarily be identical to the right portion. This could lead to the utilization of 
two different types of genevas with different index and dwell ratios. This 
capability is extremely useful in operations where a "longer/shorter" index/dwell 
time for one of the conveyors ( compared to the other conveyor) is desired.
This novel possibility replaces the expensive use of gear trains for the provision 
of different time/movement ratios of the synchronized conveyors. Without the 
preference of having the "unequal" movement ratios, the conventional driver 









DOUBLES THE SPEED 
OF THE OPERATION 




ALLOWS G1 TO EXPERIENCE 
TWICE THE ACTIVE/HALF 
THE DWELL TIME OF G2 
NOTE: ROTARY MOTION OF 
G1 IS ALSO TWICE THAT 
OF G2
FIGURE: 8<2 Three Possible Arrangements for the Driver Links
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8.3.2.2 Application of Type "A" Driver Figure 8.3 displays the utilization of type 
"A" driver for synchronizing the movements of two 4-station geneva wheels. 
The index and dwell periods of both wheels “start and end simultaneously" and 
the angular velocities of the driven members ( co3 ) are identical.
The above condition could be applied to synchronizing the incremental 
movements of two conveyor belts. The active/index time ( A t) and the dwell 
time ( Dt) of the driver members ( G1 and G2) match the active/dwell time of 
the driven members ( the conveyors ). The chart in the Figure 8.3 shows the 
"matching" index and dwell times of G1 and G2. It is interesting to note that 
the two geneva wheels "G1" and "G2" need to be assembled in "different 
planes" ( G1 in front and G2 in back of the driver plane ).
8.4 A Novel Orientation for Synchronizing 
Index and Dwell Times
8.4.1 Application
In certain operations, it is required to synchronize the motion of two conveyor 
belts so that "the index time of one of the conveyors coincides with (a portion 
of) the dwell time of the other conveyor”. The orientation of the genevas in 
Figure 8.3 may not deliver such condition.
8.4.2 Orientation
A new geometry is required to satisfy the conditions of the above application. 
Figure 8.4 displays this new orientation in full details. When the roller pin "P2" 
of the second geneva wheel "G2" exits its corresponding mate (exit mode), the
P1 = ROLLING PIN OF DRIVER 1 
P2 = ROLLING PIN OF DRIVER 2
LI = LOCKING PLATE OF G1 
L2 = LOCKING PLATE OF G2
t: TIME REQUIRED TO COMPLETE ONE CYCLE OF DRIVER 
T: TIME REQUIRED TO COMPLETE ONE CYCLE OF DRIVEN 












FOR 4 STATION GENEVA MECHANISMS T=4t
FIGURE: 8*3 S ynch ron iza t ion  of the  In te rm i t ten t  Motion of two 4 Sta tion Geneva M echan ism s  
driven by a  Single Driver with S im u l ta n e o u s  Index a n d  Dwell Periods
PI = ROLLING PIN OF DRIVER 1 
P2 = ROLLING PIN OF DRIVER 2
LI = LOCKING PLATE OF G1 
L2 = LOCKING PLATE OF G2
w2 = ANGULAR VELOCITY OF DRIVER
OPERATION: THE DWELL TIME OF G1 COINCIDES EXACTLY
WITH THE ACTIVE TIME OF G2 AND VICE-VERSA
w3
EXIT MODE




(PI ONLY ENGAGES G1)/
ENTRY MODE
FIGURE: 8.4  Synchronization of the Intermittent Motion of two 4 Station Geneva Mechanisms
driven by a Single Driver
roller pin "P1" of the first geneva wheel "G1" is about to start its engagement 
with G1 {entry mode). Therefore, the index time of G1 starts exactly at the end 
of the index time (beginning of the dwell time) of G2. Figure 8.5 displays the 
correlation of the index/dwell times of the two 4-station geneva mechanism that 
are synchronized by the application of a type "A" driver and the orientation 
introduced in Figure 8.4. Extra attention should be given to the position of the 
"reference line of time". With this phase shift in the dwell times, it is possible to 
transport parts from one of the conveyors to the other. This transportation 
could be accomplished with a "pick and place" unit which is shown in 
Figure 8.6.
In Figure 8.5, the path of motion of the pick and place unit is displayed 
with reference to the dwell times of the two genevas which correspond directly 
to the "stationary" times of the two conveyors. The activity of the pick and 
place unit must be synchronized with movements of the two conveyors such 
that sufficient time is allocated for the picking and placing operation. In the 
succeeding sections, a modification of type "A” driver is introduced that leads 




















































































3 t / 4  ■
- R E F E R E N C E  L I N E  O F  T I M E
T =4t
G 1 = G E N E V A  1 
G 2 = G E N E V A  2  
L 1 = L O C K  P L A T E  O F  G 1  
L 2 = L O C K  P L A T E  O F  G 2
S ( n ) = S L O T  E N G A G E D  
[ S ( n ) - S ( n  +  1 ) = S L O T S  A T  T H E  T W O  
E N D S  O F  T H E  L O C K  P L A T E  
A = A C T I V E / I N  M O T I O N  
D = D W E L L / S T A T I O N A R Y
P 1 = P I N  # 1  
P 2 = P I N  §2
A t n = A C T I V E  T I M E  n  
D t n = D W E L L  T I M E  n
F I G U R E :  8 * 5  U t i l i z a t i o n  o f  T y p e  @  D r i v e r  f o r  t h e  S y n c h r o n i z a t i o n  o f  t h e  I n t e r m i t t e n t  M o t i o n  o f  






8.5 Geometry of the Orientation and the 
Assembly Requirements
8.5.1 Assembly Dimensions
The assembly of parts (driver and driven members) in the new orientation 
requires the exact dimensions and orientation angles between the centers of 
rotation and the corresponding center lines. These dimensions need to be 
obtained from the geometry of the orientation of links. The relative orientation 
of the two driven members relative to the driver has important effect on the 
produced motion and will now be considered.
8.5.2 Geometry of the Orientation
Concentrating on the geometry of two identical geneva wheels, the center 
distances from the center of the common driver to centers of each of the 
wheels must be the sam e (C). The target then is to obtain the distance 
between the centers of the two wheels ( Og1 Ogz ) and the orientation angles. 
Figure 8.7 displays the orientation of the centers of rotation for two "identical 
genevas" with an "arbitrary number of stations".
FIGURE: 8»7 G e o m e t r y  of  t h e  New O r i e n t a t i o n
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Upon establishing the value of "2 p0" as the orientation angle between 
the center lines, it was possible to obtain the equation for expressing the length 
of “ O01 0 Q2 " as follows;
Using law of cosines;
I O01 Ogs I2 = C2 +■ C2 -  2 C.C. C O S  2 p„ =  2 C2 ( 1 -  C O S  2 P„ )
Oa, 0 02 = [ 2  C2 ( 1 - c o s  2  V ',)}" - '1’ (8.1)
where p 0 = 180° /  n 
and the “orientation angles" are
2  p„ =  360* /  n (8.2)
a „  =  9 ( f  -  p D (8.3)




For a "fixed" value of C = 100.0 mm, the following results are obtained 
for n = 4, 5, 6 and 8;
4 slots
C = 100.0 mm, n = 4 —> P0 = 45°
.*. Oq1 0 Q2 = 141.42 mm 
2 P0 = 90° 
cc0 = 45°
5 slo ts
C = 100.0 mm, n = 5 -» p0 = 36°
Oq1 0 Q2 = 117.56 mm 
2 p0 = 72° 





C = 100.0 mm, n = 6 —» p„ = 30°
Oq1 Oqz = 100.0 mm 
2 p0 = 60°
9 Slots c
C = 100.0 mm, n = 8 —» p0 = 22.5°
.•. O01 0 Q2 s= 76.54 mm 
2 P0 = 45°
a 0= 6 7 . 5 ’
0,G1
a 0 = 67.5°
Another example of the utilization of type "A" driver and the new 
orientation, a case for genevas with 6-stations is shown in Figure 8.8. As 
discussed earlier, it is necessary to have the two geneva wheels on different 
planes to avoid interference. With the orientation shown for 6-stations and the 
interference issue, it should now be clear that the particular arrangement of 
type "A” driver was made so that it can provide satisfactory synchronization of 
the two wheels. Figure 8.9 displays the correlation of the index/dwell times of 
the two 6-station genevas. The path of motion of the pick and place unit is also 
shown with reference to the time table. Figure 8.10 places the concepts 
developed so far in this chapter in perspective. In this figure, a  type "A" driver 
synchronizes the motion of the geneva wheels G1 and G2. Conveyors 1 and 2 
are activated and synchronized by G1 and G2. The activity of the pick and 
place is displayed as well.
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L ,  3 6 0 ’ _  360*
b s t a = ^ r - W  3 0
a l p h a =90* — b e t a  =  60* 
60* (2 )  _  tAt=- 360*
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CORRELATION OF 
ACTIVE/DWELL TIME 
OF 6 SLOT GENEVAS 
FOR TYPE (g) DRIVER
FIGURE: 8*8 S y n c h r o n i z a t i o n  o f  t h e  I n t e r m i t t e n t  Motion o f  two  
6  S t a t i o n  G e n e v a  M e c h a n i s m s  d r i v e n  
by  a  S i n g l e  Driver
R E F E R E N C E  L I N E  O F  T I M E
■T=6t
t/3 t / 3 t /3 t /3 t /3 t/3
P1S1 P1S2 PI S3 P1S5 P1S6
S1-S2 S2-S3 S3-S4 S4-S5 S6-S1S5-S6
Ail Dll A12 D12 A13 Di4 Dt5 DI6At5 At 6At4
Ail AI2 D12 AI3 Dt3 AI4 At5 Dt5 A»6 DIGDI4
P2S1 P2S2 P2S3 P2S4 P2S6P2S5
S1-S2 S2-S3 S3-S4 S6-S1S4-S5 S5-S6
at/3t / 3 a t / 3t / 3 at/3 at /3t / 3 at/3t / 3 at /3 t /3 t /3
T=6»
G 1 = G E N E V A  1 
G 2 = G E N E V A  2  
L I  = L O C K  P L A T E  O F  G 1  
L 2 = L 0 C K  P L A T E  O F  G 2
S ( n ) = S L O T  E N G A G E D  
[ S ( n ) - S ( n + 1 ) = S L O T S  A T  T H E  T W O  
E N D S  O F  T H E  L O C K  P L A T E  
A = A C T I V E / I N  M O T I O N  
D = D W E L L / S T A T I O N A R Y
P 1 = P I N  # 1  
P 2 = P I N  §2
A t n = A C T I V E  T I M E  n  
D t n = D W E L L  T I M E  n
F I G U R E :  8*9 U t i l i z a i i o n  o f  T y p e  ( § )  D r i v e r  f o r  S y n c h r o n i z a t i o n  o f  t h e  I n t e r m i t t e n t  M o t i o n  o f  
t w o  6  S t a t i o n  G e n e v a  M e c h a n i s m s  f o r  a  P i c k  a n d  P l a c e  O p e r a t i o n
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c M O T O R
FIGURE: 8.10 Top view of two Conveyor Belts Synchronized by two Geneva Mechanisms
Activated by a single Driver for a Pick and Place Operation
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8.6 Modification of Type "A" Driver For Maximum 
Utilization of Synchronized Dwell Time
8.6.1 Centering of the Dwell Times
It is ideal to maximize the period of time that the pick and place unit performs 
its function on the conveyors. This period must coincide with the dwell time of 
the conveyors/genevas. This condition requires an adjustment in the correlation 
of the index/dwell times of the synchronized wheels.
To accomplish the above timing, "the active/index time of one of the 
genevas/conveyors must coincide with the mid-time of the dwell of the other 
geneva/conveyor". Therefore, the driving pin of one of the genevas (P2) must 
be reoriented to "delay” the active time of the same geneva (G2). This 
reorientation angle is designated by "Q" in Figure 8.11. The task in hand is 
then reduced to search for the appropriate value of £2.
n =?
P2
ORIGINAL POSITION OF P2
FIGURE: 8*11 Search for  value of 0
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8.6.2 Search for the Reorientation Angle, "£2"
For any given number of stations "n", the equations for index and dwell time of 
external geneva mechanisms were developed in Chapter 3. The halves of the 
index and dwell times would respectively be equal to;
The difference between these two times would be the "delay" time 
required to "center the mid-time of the corresponding dwells" as follows;
Dt / 2  -  (A, / 2 )  = (  180° / 2 n ) ( n  +2  - n  + 2 )  = 3 6 ( f / n  = 2 $ a (8.4)
Therefore, the driving pin of the geneva (P2) must be reoriented to the 
modified position by turning through 2 f)0 degrees in clockwise direction 
(with reference to its original position) to accomplish the required 
synchronization. This leads to the establishment of the value of £2 as;
Figure 8.12 and 8.13 provide detailed information on the modification 
process and the improvements in synchronized dwell times for systems of 
4-station and 6-station genevas respectively.
The above modification and synchronization process has been checked 
for numerous sets of genevas other than the samples displayed here. The 
results are consistently uniform for any number of stations.
It is important to realize that the value of the reorientation angle can be 
selected such that any desired correlation between the dwell times of the 
genevas can be achieved.
Af / 2  = ( 1800 / 2 n  ) ( n  -  2 )  
Dt / 2 = (  180° / 2 n  ) ( n  + 2 ) ( b )
( a )
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3 t / 4t / 4
FIGURE: 8.12 M odif ied  Type (A) D river  f o r  M a x i m u m  U t i l iza t ion  
o f  S y n c h r o n i z e d  Dwell T im e  of  
tw o  4 S t a t i o n  G e n e v a  M e c h a n i s m s
ADJUSTED TIM E=t/6
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S 1 - S 2 S 2 - S 3
2 1 /3t / 3 t / 3 2 t / 3
FIGURE: 8*13 Modification of Type @ Driver for Centering the Synchronized 
Dwell Time of two Geneva Mechanisms with 6 Stations
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8.7 Type "Bn Driver and its Advantages
8.7.1 Configuration
The components and configuration of a type "B" driver was shown in Figure 
8.2. This type of driver contains “four" driving pins. Two of them (Pt and P ',  ) 
engage with one geneva (G1) and the other two (Pz and P% ) engage with the 
other geneva (G2).
8.7.2 Kinematic Advantages
Type "B" driver possesses qualities that are far superior to those of type "A". It 
can perform most of the tasks that are provided by a type "A“ with a major 
advantage. This arrangement allows for doubling the speed of operation 
without introducing additional acceleration/shock to the system. Alternatively, it 
can produce the same speed of operation ( when a type "A" driver is used ) 
and cut down on the acceleration and shock significantly.
In Chapter 3, it was shown that angular acceleration of the driven 
members of external geneva mechanism are directly proportional to the square 
of the input velocity. In situations where lower accelerations and shocks are 
required, a type "B” driver should be employed. Of course, the price for using 
type "B" is the reduction in the dwell times. The following illustrative situation 
shows the advantage of using type "B" driver.
Illustrative Situation 8.1
Two conveyors are utilized for a packaging operation. The system is driven by 
a type "A" driver at 60 RPM. It is desired to increase the speed of packaging
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by a  factor of 2. Changes in the dynamic behavior and recommendations for 
modification are to be made based on the analysis.
Letting "K" represent the "normalized" value of the acceleration of the 
system, the actual accelerations of the original and the double speed system 
would be;
N = 60 RPM a orjginal = a , = (60)2 K = 3600 K 
N = 2 x 60 RPM -4 a d0UbtBspeed = a , = (120)2 K = 14400 K 
.*. otg / oc., = 14400 K /3 6 0 0  K = 4 /  1 or a, / =  1 / 4
Depending on the sensitivity of the operation, it may be required to utilize 
a type nB" driver for the system. The above results show that using the same 
driver for double speed operation increases the acceleration by 300%. It can 
also be shown that the shock of the operation would increase by 700%. This 
calls for the utilization of a different driver that doubles the speed of operation 
and eliminates the increases in the values of acceleration and shock. A type 
"B" driver maintains the original levels of acceleration and shock at the double 
speed.
8.8 Type “C" Driver and its Application
8.8.1 Configuration
The components and configuration of a type "C" driver are shown in Figure 8.2. 
The driver contains “three" driving pins. Two of them (P, and P ' t ) engage 
with one geneva (G1) and the other pin (P2) engages with the other geneva 
(G2).
131
8.8.2 Applications of Type "C" Driver
Type "C" driver is designed so that it can deliver different dwell times for the 
genevas used in the conveyor system. The total active time of one geneva 
(G1) is twice as much as the other geneva (G2). Also, for one dwell period of 
G2, there will be two dwell periods for G1 that are shorter in time. This 
condition may be advantageous for situations in which different incremental 
movements on the part of the conveyors is required.
Illustrative Situation 8.2
For a certain packaging operation, the incremental movement of one of the 
conveyors (C,) in the system needs to be two times that of the other conveyor 
(C2) for the following operation. A pick and place unit is used to lift every other 
part from C2, deliver it to C1 where it would be coated with special adhesives 
while moving incrementally on C1( and then pick the “same" part and place it on 
the next part on C2.
It is possible to utilize a type HCH driver to deliver the above task. Had 
the ratio of times been other than 2:1 ratio, it could still delivered by having one 
larger or smaller geneva in size relative to the other. This is analogous to 
selecting different sizes of gears to deliver the required gear ratio.
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8.9 Second Modification of Type "A" Driver
8.9.1 Observation
A very interesting observation may be made with regard to the angles involved 
in the first modification of type "A" driver ( 180° -  Q = 2 P0 ) and the new 
orientation angle ( 2 P0 ). Considering the sense of these angles, the 
summation of them adds up to "zero". This interesting arrangement leads to 
the second modification of type "A" driver.
8.9.2 Configuration
Top view of Figure 8.14 displays the modified configuration of type "A" driver. 
With this modification, it is possible to arrange the driver and the driven 
members to be supported on shafts with the "same height". This arrangement 
still permits the driven members to be synchronized for maximum utilization of 
dwell times. The same time tables that applied for synchronizing dwell times 
may be arranged for this modification. The lower portion of Figure 8.14 shows 
the correlation of the active and dwell times of the two driven wheels.
The second modification of type “A" driver provides an arrangement that 
does not require the utilization of the new orientation. However, utilization of 
type "B" driver requires an assembly of links corresponding to the geometry in 
the new orientation. The superior advantages of type "B" driver were displayed 
in illustrative situation 8.1. Figure 8.15 displays the use of a type "B” driver in 
conjunction with the new orientation. This operation provides double index 
count without increasing the acceleration of the operation.
P1 = ROLLING PIN OF DRIVER 1
P2 = ROLLING PIN OF DRIVER 2
L1 = LOCKING PLATE OF G1
L2 = LOCKING PLATE OF G2
MODIFIED 
TYPE ®  
DRIVER
P1.P2At,G1 =  ACTIVE TIME OF G1 
Dt,G2 =  DWELL TIME OF G2
At,G1 =  i / 4
ENTERS EXITS
P2 EXITS P2 ENTERS
FIGURE: 8.14 Synchronization of the Intermittent Motion of two 4 Station Geneva Mechanisms
driven by a Single Driver for Maximum Utilization of Dwell Times
Pi .Pi
p2 ,pi
L 1 ' L 2
= DRIVING PINS OF G1 
= DRIVING PINS OF G2
= LOCKING PLATES OF G1,G2
ANGULAR VELOCITY OF DRIVER 
ANGULAR VELOCITY OF DRIVEN
OPERATION: THE DWELL TIME OF G1 COINCIDES EXACTLY








FIGURE: 8.15 Synchron iza t ion  of the  In te rmi t ten t  Motion of two 4 Sta tion Geneva M echan ism s  
driven by a  Single  Type ®  Driver f o r  Doubling the  Indexing Count without 




There are situations in which it is desired to have two synchronized conveyors 
moving in "opposite directions". To accomplish this arrangement, an "extra" 
gear may be added to one of the genevas (G2) to reverse the direction of its 
corresponding conveyor. A simplified representation of this technique is shown 
in Figure 8.16.
8.10.2 Application 2
Three conveyors can be synchronized by the use of a type “A" / "B" and a type 
"C" driver. This combination can provide a mixture of different dwell times that 
may be utilized for certain operations.
Illustrative Situation 8.3
It is required to place "male" and "female" components of a certain part 
together on an empty container. A system is to be designed that delivers the 
above requirement.
Figure 8.17 displays three conveyors that are synchronized by type 
"A" / "B" and "C" drivers. The middle conveyor has double dwell time 
compared to the other two. Two pick and place units are used to pick their 
corresponding male/female components and place them on the empty 
container.
D I R E C T I O N  
O F  M O T I O N
C O N V E Y O R  # 1
P I C K  A N D  P L A C E  U N I T
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A TYPICAL PICK 
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FIGURE: 8*17 Application of th re e  S ynch ron ized  Geneva M ec h a n i sm s  in a P a c k a g in g  Opera t ion 




A general information base on the motion characteristics and types of geneva 
mechanisms available has been established. A complete package of tools, 
including a computer program, required by the designer for successful design 
and optimization of standard external geneva mechanisms has been developed. 
Novel applications of external geneva mechanisms for synchronization of 
motion have been investigated.
An intensive literature search revealed the fact that geneva mechanisms 
play an important role in intermittent and indexing operations and that they have 
been specifically targeted for modification and integration with other 
mechanisms.
The characteristics of three different standard type geneva mechanisms 
known as external, internal and spherical were investigated. A comparison was 
made on the advantages and disadvantages of the three types to assist the 
designer in making a  sound selection. Modifications of geneva mechanisms 
and their integration with other mechanisms was discussed briefly.
A complete kinematic analysis of external and internal geneva 
mechanisms was conducted to obtain the equations of motion. Tables for 
machining dimensions both for external and internal types were developed. 
Normalized plots of velocity and acceleration were generated for both internal
13 8
139
and external geneva mechanisms. The use of computer program and plots 
were demonstrated through illustrative situations.
Equations for computation of the mass moment of inertia of external 
geneva mechanism were developed in full detail. These equations provide for 
the first time a detailed calculation of this factor necessary in any meaningful 
force and stress analysis leading to optimal design. Normalized plots of the 
mass moment of inertia of external geneva mechanisms were generated. A 
correction/adjusting factor enables conversion of the normalized values into the 
actual values. The use of computer program and plots were demonstrated 
through illustrative situations.
Force analysis of the external geneva mechanism was conducted and 
equations were developed. Normalized plots of force were generated and a  
correction/adjusting factor was developed to convert the normalized values into 
actual ones. A table for normalized kinematic and kinetic characteristics of 
external geneva mechanisms was developed. Stress analysis of the external 
geneva mechanism was conducted and equations were developed.
The corresponding subroutines of the computer program for equations of 
motion, mass moment of inertia, force and stress were all integrated to handle 
practical design situations. The capabilities of the computer program were 
demonstrated through numerous practical illustrative situations both in SI and 
USCS units. The program provides a  powerful tool for optimization of the 
design of external geneva mechanisms. Normalized plots were placed in the 
appendix to be used as a design, analysis and optimization tool.
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Novel applications of the external geneva mechanisms for 
synchronization of motion were introduced. Three different driving links with 
individual characteristics were considered. Applications of each of the new 
drivers were displayed by discussing practical illustrative design situations. A 
novel orientation for synchronization of multiple geneva mechanisms was 
introduced. The correlation/integration of the new orientation with the new 
drivers were fully explored. The new integration was applied to synchronization 
of a system of multiple conveyor belts. Pick and place units were used to 
transport parts on the synchronized conveyors. Modifications were made on 
the drivers to optimize the synchronized systems. Several practical systems 
were designed to display the potential of this new approach.
9.2 Conclusions
A general information base was generated for understanding and comparing the 
characteristics of different type geneva mechanisms. This should help the 
designers to make a sound selection depending on the operation in demand.
Equations for computation of velocity, acceleration, shock, m ass moment 
of inertia, force and stress were developed. These equations were incorporated 
in a  FORTRAN code to facilitate a sound design. Given the number of stations, 
radius/center distance, thickness, roller pin diameter, speed of the driver and 
the material, the computer program calculates the machining dimensions, 
motion characteristics, mass moment of inertia, force and the stresses of the 
driven wheel.
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Charts and tables of normalized parameters were generated to assist the 
designers in the process of analysis and synthesis. These could also be used 
effectively in conjunction with the computer program for the initial selection of 
the design parameters.
The novel combinations of pairs of external geneva mechanisms 
provides a new tool and a fresh approach that overcomes certain 
synchronization problems. Modification of the presented drivers in conjunction 
with newly introduced orientation can generate any desired correction between 
the dwell times of the genevas. To creating a synchronized system, this 
approach reduces the cost noticeably by eliminating the need for intermediate 
links. The applications of combining multiple geneva mechanisms suggest 
further explorations and modifications to provide solutions to other intermittent 
motion problems.
APPENDIX A
FORTRAN CODE FOR THE COMPUTER PROGRAM
This Appendix contains the FORTRAN Code for the generation of the 





* FORTRAN PROGRAM FOR
* THE ANALYSIS OF EXTERNAL AND INTERNAL GENEVA WHEELS
*
* C o p y r ig h t  F eb ru a ry  1994 A l l  R i g h t s  R e se r v e d  By B. Sepahpour
T h is  program p r o v i d e s  p h y s i c a l  d im e n s io n s  and a k i n e m a t i c  
a n a l y s i s  o f  e x t e r n a l  and i n t e r n a l  g e n e v a  w h e e l s  when g i v e n  
t h e  d e s i g n  c r i t e r i a .  A k i n e t i c  a n a l y s i s  o f  e x t e r n a l  g e n e v a  
w h e e l s  i s  a l s o  p r o v i d e d .  The o u t p u t  o f  t h e  k i n e m a t i c  a n a l y s i s  
i s  c o n f i g u r e d  t o  b e  i n t e r p r e t e d  b y  Q u a t tr o  Pro v e r s i o n  3 . 0  a s  
t h e  d a t a  f o r  a  g r a p h i c a l  r e p r e s e n t a t i o n .
V a r i a b l e  D e f i n i t i o n s
n -  number o f  s l o t s  i n  g e n e v a  w h e e l
c  -  c e n t e r  d i s t a n c e  o f  d r i v e r  and g e n e v a  w h e e l
Rgw -  o u t s i d e  r a d i u s  o f  g e n e v a  w h ee l
Rgwc -  o u t s i d e  r a d i u s  c o r r e c t e d  f o r  f i n i t e  p i n  d ia m e t e r
Rgwi -  i n n e r  r a d i u s  o f  i n t e r n a l  g e n e v a  w h e e l
Rdrv -  r a d i u s  o f  d r i v e r  t o  c e n t e r  o f  d r i v i n g  p i n
Rp -  r a d i u s  o f  d r i v i n g  p in
Rl -  r a d i u s  o f  l o c k i n g  d i s k
T h e ta  -  a n g u la r  p o s i t i o n  o f  d r i v e r
ThetaO - p o s i t i o n  o f  d r i v e r  a s  p i n  e n t e r s  s l o t
B e ta  -  a n g u la r  p o s i t i o n  o f  g e n e v a  w h e e l
BetaO -  p o s i t i o n  o f  g e n e v a  w h e e l  a s  p i n  e n t e r s  s l o t
Omega2 -  a n g u la r  v e l o c i t y  o f  d r i v e r
Omega3 -  a n g u la r  v e l o c i t y  o f  g e n e v a  w h e e l
A lpha3 -  a n g u la r  a c c e l e r a t i o n  o f  g e n e v a  w h e e l
D e n s i t y  -  d e n s i t y  o f  t h e  g e n e v a  w h ee l  m a t e r i a l
t  -  t h i c k n e s s  o f  t h e  g e n e v a  w h e e l
Igw -  mass moment o f  i n e r t i a  o f  t h e  g e n e v a  w h e e l
I p  -  m ass moment o f  i n e r t i a  o f  d r i v e n  m echanism
F23 -  f o r c e  e x e r t e d  b y  d r i v i n g  p i n  on  g e n e v a  w h e e l
l u n i t  -  u n i t  o f  l e n g t h  (m eter  o r  in c h )
f u n i t  -  u n i t  o f  f o r c e  (Newton o r  pound)








S u b r o u t in e  D e f i n i t i o n s
P r o v id e s  n e c e s s a r y  d im e n s io n s  f o r  t h e  
e x t e r n a l  g e n e v a  w h e e l  and d r i v e r  f o r  
m a c h in in g  p u r p o s e s
P r o v i d e s  a  k in e m a t i c  a n a l y s i s  o f  t h e  g i v e n  
e x t e r n a l  g e n e v a  w h e e l  i n c l u d i n g  a n g u la r  
p o s i t i o n ,  v e l o c i t y  and a c c e l e r a t i o n  and  t h e  
s t a r t i n g  sh o c k
C a l c u l a t e s  t h e  moment o f  i n e r t i a  f o r  t h e
g i v e n  e x t e r n a l  g e n e v a  w h e e l
D e te r m in e s  t h e  maximum f o r c e  on  t h e  d r i v i n g  
p i n  o f  t h e  g i v e n  e x t e r n a l  g e n e v a  w h e e l
C a l c u l a t e s  t h e  maximum s t r e s s  o f  t h e  
d r i v i n g  p i n
P r o v id e s  n e c e s s a r y  d im e n s io n s  f o r  t h e  
i n t e r n a l  g e n e v a  w h e e l  and d r i v e r  f o r  
m a c h in in g  p u r p o s e s
P r o v i d e s  a  k i n e m a t i c  a n a l y s i s  o f  t h e  g i v e n  
i n t e r n a l  g e n e v a  w h e e l  i n c l u d i n g  a n g u la r  




* * * * * * * * * * * * * * * * * * * * * * * * * * *  m a in  PROGRAM * * * * * * * * * * * * * * * * * * * * * * * * *
*
c h a r a c t e r  f u n i t ,  l u n i t ,  i u n i t ,  d . S t r e s s ,  a g a i n
i n t e g e r  UNITS, TYPE, n, m a t e r i a l ,  M easure , A n a l y s i s
r e a l  c ,  Rgw, Rdrv, Rp, ThetaO, BetaO, D e n s i t y ,  t ,  Igw, I p ,  F23max
lo o p
w r i t e ( 6 ,1 )
w r i t e ( 6 , * ) ’ T h is  program  i s  d e s i g n e d  t o  p r o v i d e  m a c h in in g  d im e n s io n s '  
w r i t e ( 6 , * ) '  and a  k in e m a t i c  a n a l y s i s  o f  e x t e r n a l  and i n t e r n a l  g e n e v a '  
w r i t e ( 6 , * ) '  w h e e l s .  A k i n e t i c  a n a l y s i s  f o r  e x t e r n a l  g e n e v a  w h e e l s  i s '  
w r i t e ( 6 , * ) '  a l s o  p r o v i d e d . ’ 
w r i t e ( 6 , *) 
l o o p
w r i t e ( 6 , * ) '  S e l e c t  t h e  s y s t e m  o f  u n i t s : '  
w r i t e ( 6 , * ) •  1 -  S I '
w r i t e { 6 , * ) •  2 -  USCS'
r e a d ( 5 , * )  UNITS
u n t i l  ((UNITS . e q .  1) . o r .  (UNITS . e q .  2 ) )  
l o o p
w r i t e ( 6 , *)
w r i t e ( 6 , * ) '  S e l e c t  t h e  t y p e  o f  g e n e v a  w h e e l : '  
w r i t e ( 6 , * ) '  1 -  E x te r n a l*
w r i t e ( 6 , * ) '  2 -  I n t e r n a l '
r e a d ( 5 , *) TYPE
u n t i l  ((TYPE . e q .  1) . o r .  (TYPE . e g .  2 ) )
i f  (UNITS . e q .  1) th e n  
w r i t e ( 6 ,* )
w r i t e ( 6 , * ) '  ** P l e a s e  e n t e r  a l l  l e n g t h s  i n  m e te r s  ** ’ 
w r i t e ( 6 , *) 
l u n i t  = ’ m e t e r s '  
f u n i t  = ‘ N' 
i u n i t  = ' kg-m/'2 * 
e l s e
w r i t e ( 6 , * )
w r i t e ( 6 , * ) ‘ ** P l e a s e  e n t e r  a l l  l e n g t h s  i n  i n c h e s  ** * 
w r i t e ( 6 , * )  
l u n i t  = ‘ i n c h e s ■ 
f u n i t  = ' l b ’ 
i u n i t  = * l b - i n - s e c <'2 * 
end i f
w r i t e ( 6 , * ) ’ D e s ig n  C r i t e r i a : ’ 
l o o p
w r i t e ( 6 , * )
w r i t e ( 6 , * ) ‘ Number o f  s l o t s  i n  t h e  g e n e v a  w h e e l  ( n > 2 ) : ' 
r e a d ( 5 , * )  n 
u n t i l  (n . g t .  2) 
i f  (TYPE . e q .  1) th e n
w r i t e ( 6 , * ) '  S e l e c t  e i t h e r  a  g i v e n  c e n t e r  d i s t a n c e  o r '  
w r i t e ( 6 , * ) '  a g i v e n  o u t s i d e  r a d i u s  o f  t h e  Geneva w h e e l : '  
w r i t e ( 6 , * ) '  1 -  c e n t e r  d i s t a n c e '
w r i t e ( 6 , * j  ' 2 -  r a d i u s  o f  Geneva w h e e l '
r e a d ( 5 ,* )  M easure
i f  (M easure . e q .  1) th e n
w r i t e ( 6 , * ) '  D i s t a n c e  b e tw e e n  c e n t e r s :  ' 
r e a d ( 5 , * )  c  
e l s e
w r i t e ( 6 , * ) '  R ad ius  o f  Geneva w h e e l :  '
r e a d ( 5 , * )  Rgw 
end i f
e l s e
w r i t e ( 6 , * ) '  D i s t a n c e  b e tw e e n  c e n t e r s : '
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r e a d ( 5 ,* )  c 
end i f
w r i t e ( 6 , * ) '  R ad ius  o f  d r i v i n g  p in :  ' 
r e a d ( 5 ,* )  Rp
w r i t e ( 6 , * ) • A n gu lar  v e l o c i t y  o f  d r i v e r  i n  r p m :'
r e a d ( 5 ,* )  0mega2
0mega2 = 0mega2 * 2 * 3 . 1 4 1 5 9 / 6 0 .
i f  (TYPE . e q .  1) th e n
w r i t e ( 6 , * ) '  T h ic k n e s s  o f  t h e  Geneva w h e e l : '  
r e a d (5 , *) t
lo o p
w r i t e ( 6 , * ) '  Type o f  a n a l y s i s : '
w r i t e ( 6 , * ) '  1 -  K in e m a t ic '
w r i t e ( 6 , * ) '  2 -  K i n e t i c '
w r i t e ( 6 , * ) '  3 -  K in em a tic  and K i n e t i c '
r e a d ( 5 , * )  A n a l y s i s
u n t i l  ( ( A n a l y s i s  . g t .  0) .a n d .  ( A n a ly s i s  . I t .  4 ) )
i f  ( A n a l y s i s  . e q .  1) th en
c a l l  EXTERNALDIM (n ,c ,R p ,T h e t a O , B e ta O ,R d r v ,R g w ,t , l u n i t , Measure) 
c a l l  EXTERNALANAL (c ,n ,R d r v ,0 m e g a 2 , ThetaO)
e l s e  i f  ( A n a l y s i s  . e q .  2)
lo o p
w r i t e ( 6 , * ) '  Geneva w h ee l  m a t e r i a l : '  
w r i t e ( 6 , * ) •  1 -  S t e e l '
w r i t e ( 6 , * ) '  2 -  Aluminum'
w r i t e ( 6 , * ) '  3 -  O ther '
r e a d ( 5 , * )  m a t e r i a l  
u n t i l  ( m a t e r i a l  . g t .  0)
i f  (UNITS . e q .  1) th e n
i f  ( m a t e r i a l  . e q .  1) th e n  
D e n s i t y  = 7850  
e l s e  i f  ( m a t e r ia l  . e q .  2)
D e n s i t y  = 2710  
e l s e
w r i t e ( 6 , * )  ' D e n s i t y  o f  t h e  g e n e v a  w h ee l  m a t e r i a l  (kg/m/s3) : '
r e a d ( 5 ,* )  D e n s i t y  
end i f
e l s e
i f  ( m a t e r i a l  . e q .  1) th e n  
D e n s i t y  = .0007 3 5 7 5 1  
e l s e  i f  ( m a t e r ia l  . e q .  2)
D e n s i t y  = 7 .8 8 6 E -0 6  
e l s e
w r i t e { 6 , * ) ‘D e n s i t y  o f  t h e  g e n e v a  w h e e l  m a t e r i a l ( s l u g s / f t ' ' 3 )  : ' 
r e a d ( 5 ,* )  D e n s i t y  
D e n s i t y  = D e n s i t y  /  1 2 .* * 3  
end i f
end i f
w r i t e ( 6 , * ) 'Mass moment o f  i n e r t i a  o f  d r i v e n  m ec h a n ism (' , i u n i t , ' ) : '  
r e a d ( 5 , * )  Ip
c a l l  EXTERNALDIM ( n ,c ,R p ,T h e t a O ,B e t a O ,R d r v ,R g w ,t , lu n i t ,M e a s u r e )  
c a l l  INERTIACALC (I g w ,n ,c ,R g w ,R p ,B e t a O , t ,D e n s i t y )  
c a l l  FORCEANAL ( 0 m e g a 2 ,T h e t a O ,I g w ,I p ,c ,R d r v , f u n i t , iu n i t ,F 2 3 m a x )  
w r i t e ( 6 , * ) '  C a l c u l a t e  s t r e s s  on d r i v i n g  p in ?  (y  o r  n ) ' 
r e a d ( 5 ,* )  S t r e s s
i f  ( ( S t r e s s  , e q .  ' y ' ) . o r . ( S t r e s s  . e q .  'Y ' ) )  th e n  
c a l l  STRESSANAL(Rp, t,F23max,UNITS)
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e n d i f
e l s e
w r i t e ( 6 , * ) '  G eneva w h e e l  m a t e r i a l : '  
w r i t e ( 6 , * ) '  1 -  S t e e l '
w r i t e ( 6 , * ) '  2 -  Aluminum'
w r i t e ( 6 , * ) '  3 -  O t h e r '
r e a d ( 5 , * )  m a t e r i a l
i f  (UNITS . e q .  1) t h e n
i f  ( m a t e r i a l  . e q .  1) t h e n  
D e n s i t y  = 78 5 0  
e l s e  i f  ( m a t e r i a l  . e q .  2)
D e n s i t y  = 27 1 0  
e l s e
w r i t e ( 6 , * ) ' D e n s i t y  o f  t h e  g e n e v a  w h e e l  m a t e r i a l  (k g /m A3 ) : ' 
r e a d ( 5 , * )  D e n s i t y  
en d  i f
e l s e
i f  ( m a t e r i a l  . e q .  1) t h e n  
D e n s i t y  = .0 0 0 7 3 5 7 5 1  
e l s e  i f  ( m a t e r i a l  . e q .  2)
D e n s i t y  = 7 .8 8 6 E - 0 6  
e l s e
w r i t e ( 6 , * ) ' D e n s i t y  o f  t h e  g e n e v a  w h e e l  m a t e r i a l ( s l u g s / f t A3 ' 
r e a d ( 5 , * )  D e n s i t y  
D e n s i t y  = D e n s i t y  /  1 2 .* * 3  
en d  i f
en d  i f
w r i t e ( 6 , * ) 'M ass moment o f  i n e r t i a  o f  d r i v e n  m e c h a n i s m ( ' , i u n i t , ' ) : '  
r e a d ( 5 , * )  I p
c a l l  EXTERNALDIM ( n , c , R p , T h e t a O , B e ta O , R d r v , R g w , t , l u n i t , M easure)
c a l l  EXTERNALANAL ( c ,n ,R d r v ,O m e g a 2 ,T h e ta O )
c a l l  INERTIACALC ( I g w , n , c , R g w , R p , B e t a O , t , D e n s i t y )
c a l l  FORCEANAL (0 m e g a 2 , T h eta O , I g w , I p , c , R d r v , f u n i t , i u n i t , F23max)
w r i t e ( 6 , * ) '  C a l c u l a t e  s t r e s s  on  d r i v i n g  p i n ?  (y  o r  n ) '
r e a d ( 5 , * )  S t r e s s
i f  ( ( S t r e s s  . e q .  * y ' ) . o r . ( S t r e s s  . e q .  ' Y ' ) )  t h e n  
c a l l  STRESSANAL{Rp, t , F23m ax, UNITS) 
e n d i f
en d  i f
e l s e
c a l l  INTERNALDIM ( n , c , R p , T h e t a O , B e ta O , R d r v ,R g w , l u n i t .M e a s u r e )  
c a l l  INTERNALANAL (n .O m ega2 , ThetaO)
e n d  i f
w r i t e ( 6 , * )
w r i t e { 6 , * ) ’ A n o t h e r  a n a l y s i s  (y  o r  n ) ' 
r e a d ( 5 , * )  a g a i n
u n t i l  ( ( a g a i n  . e q .  *N') . o r .  ( a g a i n  . e q .  ' n ' ) )
w r i t e < 6 , * ) '  ** Program  C o m p le te d  ** '
1 f o r m a t ( ' 1 ' }
s t o p
en d
s u b r o u t i n e  EXTERNALDIM ( n , c , R p , T h e t a O , B e ta O , R d r v ,R g w , t , l u n i t , M easure)
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i n t e g e r  n ,M easu re  
c h a r a c t e r  l u n i t
r e a l  c ,R p ,T h e ta O , B etaO ,R drv,R gw ,R gw c, Gamma, R1, t  
p i  = 3 .1 4 1 5 9
** C a l c u l a t i o n  o f  d e s i r e d  v a l u e s  **
BetaO = p i  /  n
ThetaO = p i / 2  -  BetaO
i f  ( M easure . e g .  1) th e n  
Rgw = c  * COS{BetaO) 
e l s e
c = Rgw /  COS(BetaO) 
end i f
Rdrv = c * SIN(BetaO)
Rgwc = Rgw * (1 + Rp**2 /  Rgw**2) ** .5  
Gamma = ( 1 8 0 /n  ) * ( n + 2 )
R1 = c  * SIN(BetaO) -  2 * Rp 
** Output o f  R e s u l t s  ** 
w r i t e ( 6 , 100)
w r i t e (6 ,  
w r i t e (6 ,  
w r i t e < 6 ,  
w r i t e ( 6 ,  
w r i t e { 6 ,  
w r i t e ( 6 ,  
w r i t e (6 ,  
w r i t e ( 6, 
w r i t e ( 6 ,  
w r i t e (6 ,  
w r i t e (6 ,  
w r i t e ( 6 ,  
w r i t e (6 ,  
w r i t e { 6 ,  
w r i t e ( 6 ,  
w r i t e ( 6 ,  
w r i t e (6 ,  
w r i t e ( 6 ,  
w r i t e (6 ,  
w r i t e ( 6 ,  
r e a d {5, * 
w r i t e ( 6 ,
Number o f  s l o t s  i n  g e n e v a  w h e e l : ' , n
D i s t a n c e  b e tw e e n  c e n t e r s :  1, c , l u n i t
R adius  o f  d r i v e r  t o  c e n t e r  o f  d r i v i n g  p in :  ' , R d r v , l u n i t  
D ia m eter  o f  d r i v i n g  p in :  ' , R p * 2 , l u n i t
O u t s id e  r a d i u s  o f  g e n e v a  w h e e l:  ’ , R g w , lu n i t
R adius  o f  g e n e v a  w h e e l  c o r r e c t e d  f o r  f i n i t e '
d r i v i n g  p i n  d ia m e t e r :  R g w c , lu n i t
T h ic k n e s s  o f  g e n e v a  w h e e l :  ' , t , l u n i t
A n g u la r  d i s p la c e m e n t  from c e n t e r - l i n e  a t  e n t r y  p o s i t i o n '  
D r iv e r :  ’ , T h etaO *( 1 8 0 / p i ) , '  d e g r e e s '
Geneva: ' , B e ta O * (1 8 0 / p i ) , '  d e g r e e s '
A n g le  o f  l o c k i n g  a c t i o n :  ' , Gamma,' d e g r e e s '
R adius o f  l o c k i n g  d i s k :  ' , R 1 , l u n i t
100
P r e s s  r e t u r n  t o  c o n t i n u e '
P l e a s e  w a i t '
f o r m a t ( '1** M ach in in g  D im en sio n s  f o r  E x t e r n a l  Geneva Mechanism * * ' , / / )
end
s u b r o u t in e  EXTERNALANAL (c ,n ,R d r v ,O m e g a 2 , ThetaO) 
i n t e g e r  n
r e a l  c , Rdrv, 0m ega2, T hetaO , p i  
c h a r a c t e r  T e x t F i l e ,  Q F i le
r e a l  X, A 1, A2, Numl, Num2, Num3, Denom l, Denom2, Denom3
r e a l  B e t a , Omega3 , Omega3Max,Alpha3, Alpha3Max,Shock,G,Aroax
p i  = 3 .1 4 1 5 9
w r i t e ( 6 , 50)
w r i t e ! 6 , * ) '  K in e m a t ic  a n a l y s i s  f o r  e x t e r n a l  g e n e v a  w h e e l '  
w r i t e ( 6 ,* )
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w r i t e ( 6 , * ) '  The o u t p u t  f o r  t h i s  p o r t i o n  o f  t h e  program  w i l l  b e  w r i t t e n '  
w r i t e ( 6 , * ) ‘ t o  two d i f f e r e n t  f i l e s .  The f i r s t  f i l e  w i l l  c o n t a i n  the*  
w r i t e ( 6 , * ) '  t h e  d a t a  i n  a  t a b u l a r  form  a s  a t e x t  f i l e .  The s e c o n d  f i l e '  
w r i t e ( 6 , * ) ' w i l l  c o n t a i n  t h e  d a t a  i n  a form t o  b e  i n s e r t e d  i n  a  ' 
w r i t e ( 6 , * ) '  Q u a t tr o  s p r e a d s h e e t  t e m p l a t e  t o  p r o v i d e  a  g r a p h i c a l ' 
w r i t e ( 6 , * ) '  r e p r e s e n t a t i o n  o f  t h e  d a t a . '  
w r i t e ( 6 , *)
w r i t e ( 6 , * ) '  F i le n a m e  t o  b e  u s e d  f o r  t e x t  f i l e :  '
r e a d ( 5 , * )  T e x t F i l e
w r i t e ( 6 , * ) '  F i le n a m e  t o  b e  u s e d  f o r  q u a t t r o  f i l e :  ' 
r e a d ( 5 , * )  Q F i le
o p e n  ( u n i t = l  , f i l e = T e x t F i l e  ) 
o p e n  ( u n i t = 2  , f i l e = Q F i l e  )
X = Rdrv /  c
w r i t e ( l , 100)  
w r i t e ( 1 ,1 5 0 )  
w r i t e < 1 .* )
w r i t e { 6 , * ) ‘ W r i t in g  f i l e :  ' , T e x t F i l e
w r i t e ! 6 , * )
co u n t= 0
co u n t2 = 0
c o m p l e t e  = 0
t o t a l  = 2 ‘ ThetaO /  ( p i / 1 8 0 )
do 10 A1 = ThetaO, -T h e ta O , - p i / I 80
B e t a  = ATAN( X * SIN (A l)  /  (1 -  X * COS ( A l ) ) )
Numl = X * COS (A l)  -  X**2
Denoml = 1 -  2 * X * COS (A l)  + X**2
0mega3 = Omega2 * Numl /  Denoml
Num2 = ( X**3 -  X ) * SIN (Al)
Denom2 = ( 1 + X**2 -  2 * X * COS (A l)  )* * 2
A lp h a3  = -0m ega2**2  * Num2 /  Denom2
w r i t e ( 1 ,2 0 0 )  A l * ( 1 8 0 / p i ) ,  B e t a * ( 1 8 0 / p i ) , 0mega3, A lpha3
i f  ( c o u n t2  . e q .  1 0 ) t h e n  
c o m p l e t e  = c o u n t / t o t a l  *100  
w r i t e ( 6 ,3 0 0 )  c o m p le t e  
c o u n t2  = 0 
en d  i f
c o u n t2  = c o u n t2  + 1 
c o u n t  = c o u n t  + 1
10 c o n t i n u e
0mega3Max = 0mega2 * X /  (1 -  X)
G = ( X + 1 /X  ) /  4
Amax = ACOS( -G + ( G**2 + 2 ) * * . 5 )
Num3 = ( X**3 -  X ) * SIN (Amax)
Denom3 = ( 1 + X**2 -  2 * X * COS (Amax) )**2
Alpha3Max = 0m ega2**2 * Num3 /  Denom3
Shock  = 0m ega2* * 3 * X * (X+l) /  ( X - l ) * * 3
w r i t e ( 1 , * )
w r i t e ( l « * ) '  A n g u la r  v e l o c i t y  o f  d r i v e r :  ' , 0 m e g a 2 , '  r a d / s e c '  
w r i t e ( 1 , * )
w r i t e d , * ) 1 Maximum v e l o c i t y  o f  t h e  g e n e v a :  ' , Omega3Max, ' r a d / s e c '  
w r i t e ( l , * ) '  Maximum a n g u la r  a c c e l e r a t i o n :  ' , A lp h a 3 M a x ,' r a d / s e c  s q u a r e d '  
w r i t e ( l , * ) '  Maximum Shock: ' , S h o c k , ' r a d / s e c  cu b ed '
c l o s e  { u n i t  = 1 ) 
w r i t e ( 6 , 3 0 0 ) 1 0 0 .
149
c o u n t  = 0 
c o u n t 2  = 0 
c o m p l e t e  = 0 
t o t a l  = 100
w r i t e { 6 , * ) '  W r i t i n g  f i l e :  ' , Q F i l e
w r i t e ( 6 , * )
do  20 A2 = T h etaO , - T h e t a O , - T h e t a O / 50
B e t a  = ATAN( X * SIN (A2) /  (1  -  X * COS (A 2))  )
Numl = X * COS (A 2 ) -  X**2
Denoml = 1 -  2 * X * COS (A2) + X**2
0mega3 = Omega2 * Numl /  Denoml
Num2 = < X**3 -  X ) * SIN (A2)
Denom2 = ( 1 + X**2 -  2 * X * COS <A2) ) * * 2  
A lp h a3  = Omega2**2 * Num2 /  Denom2
w r i t e ( 2 , * )  A 2 * ( 1 8 0 / p i ) , ‘ , ■, B e t a * ( 1 8 0 / p i ) , Omega3, ‘ , • ,  A lp h a3
i f  ( c o u n t 2  . e q .  10) th e n  
c o m p l e t e  = c o u n t / t o t a l  *100  
w r i t e ( 6 , 3 0 0 ) c o m p l e t e  
c o u n t2 = 0  
en d  i f
c o u n t  = c o u n t  + 1 
c o u n t 2  = c o u n t 2  + 1
20  c o n t i n u e
c l o s e  ( u n i t  = 2 ) 
w r i t e ( 6 , 3 0 0 ) 1 0 0 .
w r i t e ( 6 , * )
w r i t e ( 6 , * ) '  P r e s s  r e t u r n  t o  c o n t i n u e '  
r e a d ( 5 , *)
w r i t e ( 6 , * ) '  P l e a s e  w a i t '
50 fo r m a t  (* 1 ' )
100  f o r m a t (T 2 , ' A l p h a ' , T i l , * B e t a ' , T 1 9 , ' A n g u l a r  V e l o c i t y ' , T 3 9 , 'A n g u la r  A c c ' )
1 5 0  f o r m a t ( T 2 , ' ( d e g ) ' , T 1 0 , ' ( d e g ) ' , T 2 2 , ' ( r a d / s e c ) ' , T 3 9 , ' ( r a d / s e c  s q u a r e d ) •)
200  f o r m a t ( T 2 , 1 F 6 . 1 , T 1 0 , 1 F 6 . 1 , T 2 1 , 1 F 1 0 . 3 , T 4 0 , 1 F 1 0 .3 )
3 00  f o r m a t ( ‘+ ' , I f 4 . 0 , ' %  c o m p l e t e ' )
en d
s u b r o u t i n e  INERTIACALC ( I g w ,n , c ,R g w ,R p ,B e t a O , t , D e n s i t y )  
i n t e g e r  n
r e a l  I g w , c , R g w , R p , B e t a O , t , D e n s i t y
r e a l  R , p , p i , S , R 1 , A 4 , A 5 , I c , I s , A ,d
r e a l  I I , 1 2 , 1 3 , 1 4 , 1 5 , TEMPI, TEMP2, TEMP3, TEMP4
R = Rgw 
p = D e n s i t y  
p i  = 3 . 1 4 1 5 9  
S = c  * ( 1 - S I N ( B e t a O ) )
R1 = c  * S IN (B eta O ) -  2 * Rp 
A4 = BetaO -  ASIN (2*R p/R )
A5 = ATAN( R * SIN (A 4) /  ( c  -  R * COS(A4)) )
** I  f o r  e n t i r e  d i s k  **
I I  = p * t  * p i  * R**4 /  ( 2 . )
-A ** I  f o r  n  s l o t s  **
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I 2 = n * p * t * ( ( ( R - S ) /  6 . ) *R p*( ( R - S ) * *2 + 4 *Rp* *2) + ( ( R + S ) / 2 . ) * * 2 * (R -S)*2*R p)  
1 3 = ( n * p * t ) * ( ( p i / 4 . - 8 . / ( 9 * p i ) ) * R p * * 4 + p i* R p * * 2 /2 . * ( S - 4 * R p / ( 3 * p i ) )* * 2 )
** I  f o r  o u t e r  p o r t i o n  o f  m a t e r i a l  r em oved  **
i f  (A4 . g t .  ( p i / 4 . ) )  t h e n
TEMPI = ( A4*3 ) -  S I N ( 2 *A4) * ( . 5  + C O S(A 4)**2)
14 s  (n * p * t )  * ( R * * 4 / 6 . ) * TEMPI
e l s e
I c  = .0 1 1 4 3  * R**4 * A4**7 * ( 1 -  . 3 4 9 1  * A4**2 + . 0 4 5 0  * A4**4 )
A = 2 . / 3 .  * R**2 * A4**3 * ( 1 -  .2  * A4**2 + .0 1 9  * A4**4 )
d = R -  .3  * R * A4**2 * ( 1 -  . 0 9 7 6  * A4**2 + .0 0 2 8  * A4**4 )
I s  = .1 3 3 3  * R**4 * A 4**5 * ( 1 -  .4 7 6 2  * A4**2 + . 1 1 1 1  * A4**4 )
14 = (n * p * t )  * ( I c  + A * d**2 + I s )
end  i f
** I  f o r  i n n e r  p o r t i o n  o f  m a t e r i a l  rem oved  ** 
i f  (A5 . g t .  ( p i / 4 . ) )  t h e n
TEMP2 = ( R l * * 4 / 2 . )  * ( A5 -  S IN (A 5 )* C 0 S (A 5 )  + 2 . /3 * S I N (A 5 )* * 3 * C 0 S (A 5 )  ) 
TEMP3 = R l* * 2  * ( A5 -  SIN(AS) * C0S(A5) )
TEMP4 = c * * 2  -  ( 4 . / 3 . ) * c * R l*  ( ( S I N ( A 5 ) )* * 3  /  (A 5 -S I N (A 5 )* C 0 S (A 5 ) ) )
15 = (n * p * t )  * (TEMP2 + TEMP3 * TEMP4)
e l s e
I c  = .0 1 1 4 3  * R l* * 4  * A5**7 * ( 1 -  . 3 4 9 1  * A5**2 + .0 4 5 0  * A 5*M  )
A = 2 . / 3 .  * R l* * 2  * AS**3 * ( 1 -  .2  * A5**2 + .0 1 9  * A5**4 )
d = c  -  R1 + . 3  * R1 * A5**2 * ( 1 -  . 0 9 7 6  * A5**2 + .0 0 2 8  * A5**4 )
I s  = .1 3 3 3  * R l* * 4  * A 5**5 * ( 1 -  . 4 7 6 2  * A5**2 + .1 1 1 1  * A5**4 )
15 = (n * p * t )  * ( I c  + A * d**2 + I s )
en d  i f
Igw  = I I  -  ( 12 + 13 + 14 + 15  ) 
end
s u b r o u t i n e  FORCEANAL (0 m eg a 2 , T h eta O , I g w , I p , c , R d r v , f u n i t , i u n i t , F23max)
c h a r a c t e r  f u n i t , i u n i t
r e a l  O m e g a 2 ,T h e t a O ,I g w , I p , c ,R d r v ,y
r e a l  T h e t a , A , B , F 2 3 , F23m ax, F23 1 , F 23 tm a x , T h e t a l , T h e t a 2 , 1 , p i , r , a l p h a
p i  = 3 .1 4 1 5 9  
F23max = 0 
F 23tm ax = 0
do 10 T h e ta  = T h e ta O , 0 , - T h e t a 0 / 2 0 0  
A = p i  -  T h e ta
r  = ( R drv**2 + c * * 2  -  2*R d rv*c*C O S (T h eta )  ) * * . 5  
B = A SIN ( (R d r v /r )  * S I N (T h e ta )  ) 
y  = Rdrv /  c
a lpha=O m ega2**2 * ( y * * 3 - y ) * S I N ( T h e t a )  /  ( l+ y * * 2 - 2 * y * C O S ( T h e t a ) )* * 2  
F23 = (Igw  + I p )  * a l p h a  /  r  
F 2 3 t  = F23 * COS(A-B)
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i f  (ABS(F23) . g e .  F23max) th e n
F2 3max =ABS(F23)
T h e t a l  = T h e ta  
en d  i f
i f  (A B S(F23t)  . g e .  F23tmax) t h e n  
F23tm ax = A B S(F23t)
T h e t a 2 = T h e ta  
end i f
10 c o n t i n u e
w r i t e ( 6 , 50) 
w r i t e ( 6 ,*  
w r i t e { 6 , * 
w r i t e ( 6 , *  
w r i t e ( 6 , *  
w r i t e ( 6 , *  
w r i t e ( 6 ,*  
w r i t e ( 6 , * 
w r i t e ( 6 ,*  
w r i t e ( 6 , * 
w r i t e (6 ,  * 
w r i t e ( 6 , * 
w r i t e ( 6 , *
50 f o r m a t ( ' l ’ )
end
s u b r o u t i n e  STRESSANAL (R p ,t ,F 23m ax ,U N IT S )  
i n t e g e r  UNITS
r e a l  Rp, F23max, E, t ,  C o n t a c t S t r e s s , S h e a r S t r e s s
w r i t e ( 6 , * ) '  What i s  t h e  m od u lu s  o f  e l a s t i c i t y  o f  t h e  d r i v e r  m a t e r i a l '  
r e a d ( 5 , * )  E
P = F23max /  t
C o n t a c t S t r e s s  = .5 9 1  * ( (P*E) /  (2*Rp) ) * * . 5  
S h e a r S t r e s s  = C o n t a c t S t r e s s / 3 .0
w r i t e ( 6 , * ) '  Maximum C o n t a c t  s t r e s s  on  d r i v i n g  p i n : '  
i f  (UNITS . e q .  1) t h e n
w r i t e ( 6 , * ) '  ' . C o n t a c t S t r e s s , '  Pa'
e l s e
w r i t e ( 6 , * ) '  ' , C o n t a c t S t r e s s , 1 p s i '
en d  i f
w r i t e ( 6 , * ) '  Maximum S h e a r  s t r e s s  on  d r i v i n g  p i n : '  
i f  (UNITS . e q .  1) th e n
w r i t e ( 6 , * ) '  ' , S h e a r S t r e s s , ' Pa'
e l s e
w r i t e { 6 , * ) ‘ ' . S h e a r S t r e s s , '  p s i '
end  i f
end
s u b r o u t i n e  INTERNALDIM ( n ,c ,R p ,T h e t a O , B etaO , R d r v ,R g w , lu n i t .M e a s u r e )
c h a r a c t e r  l u n i t  
i n t e g e r  n .  M easure
r e a l  c , R p ,T h eta O , B eta O , R d rv ,R g w ,R g w i, p i
' Moment o f  i n e r t i a  o f  g e n e v a  w h e e l :  ' , I g w , i u n i t  
' Moment o f  i n e r t i a  o f  d r i v e n  m echanism : ’ , I p , i u n i t
' A n g u la r  V e l o c i t y  o f  D r iv e r :  ' , 0 m e g a 2 , 1 r a d / s e c '
' Maximum l o a d  on  d r i v i n g  p i n :  ' , F 2 3 m a x , f u n i t  
' ( o c c u r s  a t  A lp h a  = ' , T h e t a l * 1 8 0 / p i , ■ d e g r e e s ) •
' Maximum t a n g e n t i a l  l o a d  on  d r i v i n g  p i n :  ' , F 2 3 t m a x , f u n i t  
( o c c u r s  a t  A lp h a  = 1, T h e t a 2 * 1 8 0 / p i ,■ d e g r e e s ) '
p i  = 3 . 1 4 1 5 9
152
** C a l c u l a t i o n  o f  d e s i r e d  v a l u e s  **
BetaO = p i / n  
ThetaO = p i / 2  + BetaO 
Rdrv = c  * SIN (B etaO )
Rgw = c + Rdrv
Rgwi = ( Rp**2 + Rdrv**2 * ( l / T A N ( p i / n ) ) * ( 1 / T A N ( p i / n ) ) ) * * . 5
** O utput o f  R e s u l t s  **
w r i t e ( 6 ,  
w r i t e (6 ,  
w r i t e ( 6 ,  
w r i t e (6 ,  
w r i t e (6 ,  
w r i t e (6 ,  
w r i t e (6 ,  
w r i t e (6 ,  
w r i t e (6 ,  
w r i t e ( 6 ,  
w r i t e ( 6 ,  
w r i t e (6 ,  
w r i t e (6 ,  
w r i t e (6 ,  
w r i t e (6 ,  
w r i t e (6 ,  
r e a d ( 5 ,*
Number o f  s l o t s  i n  g e n e v a  w h e e l : ' , n
D i s t a n c e  b e t w e e n  c e n t e r s :  ' , c , l u n i t
R a d iu s  o f  d r i v e r  t o  c e n t e r  o f  d r i v i n g  p i n :  ' , R d r v , l u n i t  
D ia m e te r  o f  d r i v i n g  p i n :  ' , R p * 2 , l u n i t
O u t s i d e  r a d i u s  o f  g e n e v a  w h e e l :  • , Rgw, l u n i t
I n s i d e  r a d i u s  o f  g e n e v a  w h e e l :  R g w i , l u n i t
A n g u la r  d i s p l a c e m e n t  from  c e n t e r - l i n e  a t  e n t r y  p o s i t i o n *  
D r iv e r :  ' , T h e t a O * ( 1 8 0 / p i ) , 1 d e g r e e s '
G eneva: B e t a O * ( 1 8 0 / p i ) , '  d e g r e e s '
P r e s s  r e t u r n  t o  c o n t i n u e '
1 00  f o r m a t ( ' l * *  M a c h in in g  D im e n s io n s  f o r  I n t e r n a l  G eneva M echanism  * * ' , / / )
end
               _____
★
s u b r o u t i n e  INTERNALANAL (n ,0 m e g a 2 ,T h e ta O )
i n t e g e r  n
r e a l  Oraega2, ThetaO
c h a r a c t e r  T e x t F i l e ,  Q F i l e
r e a l  M,A1, A 2 , B e t a ,0 m e g a 3 , A lp h a 3 , 0m ega3M ax,A lpha3M ax,p i  
p i  = 3 .1 4 1 5 9  
w r i t e ( 6 , 50)
w r i t e ( 6 , * ) '  K in e m a t ic  a n a l y s i s  f o r  i n t e r n a l  g e n e v a  w h e e l '  
w r i t e ( 6 , * )
w r i t e ( 6 , * ) '  The o u t p u t  f o r  t h i s  p o r t i o n  o f  t h e  program  w i l l  b e  w r i t t e n '  
w r i t e ( 6 , * j  ' t o  two d i f f e r e n t  f i l e s .  The f i r s t  f i l e  w i l l  c o n t a i n  t h e '  
w r i t e ( 6 , * j  ' t h e  d a t a  i n  a  t a b u l a r  form  a s  a  t e x t  f i l e .  The s e c o n d  f i l e '  
w r i t e ( 6 , * j  ' w i l l  c o n t a i n  t h e  d a t a  i n  a  form  t o  b e  i n s e r t e d  i n  a  ' 
w r i t e ( 6 , * ) '  Q u a t tr o  s p r e a d s h e e t  t e m p l a t e  t o  p r o v i d e  a  g r a p h i c a l '  
w r i t e ( 6 , * ) '  r e p r e s e n t a t i o n  o f  t h e  d a t a . '  
w r i t e ( 6 , * )
w r i t e ( 6 , * ) '  F i le n a m e  t o  b e  u s e d  f o r  t e x t  f i l e :  '
r e a d ( 5 , * )  T e x t F i l e
w r i t e ( 6 , * ) ' F i le n a m e  t o  b e  u s e d  f o r  q u a t t r o  f i l e :  • 
r e a d ( 5 , * )  Q F i l e
o p e n  { u n i t = l  , f i l e = T e x t F i l e  ) 
o p e n  ( u n i t = 2  , f i l e = Q F i l e  )
M = 1 /  ( S I N ( p i / n )  )
w r i t e ( 1 ,1 0 0 )  
w r i t e ( l , 150)  
w r i t e ( l , *)
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w r i t e (6 ,  *)
w r i t e ( 6 , * ) '  W r i t in g  f i l e :  * , T e x t F i l e
w r i t e { 6 , * j
c o u n t  = 0
c o u n t2  = 0
c o m p le t e  = 0
t o t a l  = 2*ThetaO  /  ( p i / 1 8 0 )
* ** D e t e r m i n a t i o n  o f  v a l u e s  f o r  t e x t  f i l e  ** 
do 10 A1 = T hetaO , - T h e t a O , - p i / 1 8 0
B e t a  = ACOS( (M+C0S(A1)) /  ( l+M**2+2*M*COS(Al) ) * * . 5  )
Omega3 = Omega2 * ( l+M*COS(Al))  /  ( l+M **2+2*M *COS(Al))
A lp h a3  = 0m ega2**2 * M *SIN (A 1)* (1-M**2) /  (1+M**2+2*M*C0S(A1))**2
w r i t e ( l , 2 0 0 )  A l * ( 1 8 0 / p i ) ,  B e t a * ( 1 8 0 / p i ) , Omega3, A lpha3
i f  ( c o u n t 2  . e q .  10) t h e n  
c o m p l e t e  = c o u n t / t o t a l  *100  
w r i t e ( 6 , 3 0 0 )  c o m p le t e  
c o u n t2  = 0 
en d  i f
c o u n t  = c o u n t  + 1 
c o u n t2  = c o u n t 2  + 1
10 c o n t i n u e
* ** C a l c u l a t i o n  o f  maximum v a l u e s  **
0mega3Max = 0mega2 /  (1+M)
A lp h a 3Max = Omega2**2 /  ( M * * 2 - l ) * * .5  
w r i t e ( 1 , * )
w r i t e ( l , * ) ’ A n g u la r  v e l o c i t y  o f  t h e  d r i v e r :  ' , 0 m e g a 2 , ‘ r a d / s e c '
w r i t e ( 1 , * )
w r i t e ( 1 , * ) '  Maximum v e l o c i t y  o f  t h e  g e n e v a :  1, 0mega3Max, 1 r a d / s e c *  
w r i t e ( 1 , * ) '  Maximum a n g u l a r  a c c e l e r a t i o n :  ' , A lp h a 3 M a x ,1 r a d / s e c  squared*
c l o s e  ( u n i t  = 1 ) 
w r i t e { 6 , 3 0 0 ) 1 0 0 .
* ** D e t e r m i n a t i o n  o f  v a l u e s  f o r  Q u a t tr o  f i l e  **
w r i t e ( 6 , *)
w r i t e { 6 , * ) '  W r i t i n g  f i l e :  ' . Q F i l e
w r i t e ( 6 , * )
c o u n t  = 0
c o u n t2  = 0
c o m p le t e  = 0
t o t a l  = 100
do  20  A2 = T h etaO , -T h e ta O , -ThetaO /SO
B e ta  = AC0S( (M+COS(A2)) /  (l+M**2+2*M*COS(A2)) * * . 5  )
Omega3 = Omega2 * (l+M*COS(A2)) /  (1+M**2+2*M*C0S(A2))
A lp h a 3 = Omega2**2 * M*SXN(A2)* (1-M**2) /  (l+M**2+2*M*COS(A2))* * 2
w r i t e ( 2 , * )  A 2 * ( 1 8 0 / p i ) , * , * ,  B e t a * ( 1 8 0 / p i ) , 1 , • ,  O m e g a 3 , ' , \  A lpha3
i f  ( c o u n t2  . e q .  10) t h e n  
c o m p le t e  = c o u n t / t o t a l  *100  
w r i t e ( 6 , 3 0 0 )  c o m p le t e  
c o u n t2  = 0 
end  i f
c o u n t  -  c o u n t  + 1 







c o n t i n u e
c l o s e  ( u n i t  = 2 ) 
w r i t e ( 6 , 3 0 0 ) 1 0 0 .
f o r m a t ( ' 1 '  )
f o r m a t ( T 2 , ' A l p h a ' , T i l , ' B e t a * , T 1 9 , ' A n g u l a r  V e l o c i t y *  
f o r m a t ( T 2 , ' ( d e g ) ' , T 1 0 , ' ( d e g ) • , T 2 2 , ' ( r a d / s e c ) ' , T 3 9 , ■ 
f o r m a t (T 2 , 1 F 6 . 1 , T 1 0 , 1 F 6 . 1 , T 2 1 , 1 F 1 0 . 3 , T 4 0 , 1 F 1 0 .3 )  
f o r m a t ( ' + ' , I f 4 . 0 , ' %  c o m p l e t e ' )
,T 3 9 , ' A n g u l a r  A c c ' )  
( r a d / s e c  s q u a r e d ) ')
end
APPENDIX B
NORMALIZED PARAMETERS OF 
EXTERNAL GENEVA MECHANISMS
This Appendix contains normalized tables and plots that provide the machining 


































































































































TABLE 6.1 Normalized Kinematic and Kinetic Characteristics 











Sm„ / w 23 |
I 3 60 30 6.46 31.4 4.05 3.60 -671.6
I 4 45 45 2.41 5.41 9.90 8.55 -  48.04
1 5 36 54 1.43 2.30 15.4 12.7 -  13.33I 6 30 60 1.00 1.35 20.1 16.2 -  6.000
1 7 25.71 64.29 0.77 0.93 24.1 19.0 -  3.429
1 8 22.50 67.50 0.62 0.70 27.7 21.3 -  2.250
1 9 20 70 0.52 0.56 31.15 23.1 -1.611
1 10 18 72 0.45 0.46 33.8 24.8 -  1.226I 1 16.36 73.64 0.39 0.40 36.8 26.1 -  0.974I 12 15 75 0.35 0.35 39.0 27.4 -  0.800
I 13 13.85 76.15 0.31 0.31 41.5 28.6 -  0.674
I 14 12.86 77.14 0.29 0.28 43.6 29.7 -  0.579I 15 12 78 0.26 0.25 45.2 30.4 -  0.505
I 16 11.25 78.75 0.24 0.23 47.2 31.1 -  0.447I 17 10.59 79.41 0.23 0.22 48.8 31.8 -0.400
I 18 10 80 0.21 0.20 50.4 32.4 -  0.361






,n = ISn = 5
Angular Displacement of Driver (deg.)
FIGURE: 3.6 Normalized Angular Velocity of External Geneva Mechanisms



















Angular Displacement of Driver (deg.)
FIGURE: 3.8 Normalized Angular Acceleration of External G eneva Mechanisms




Angular Displacement of Driver (deg.)
FIGURE: 3-9 Normalized Angular Acceleration of External G eneva Mechanisms













FIGURE: 5 .9  Normalized Mass Moment of Inertia of External G eneva Mechanisms














FIGURE: 5.10 Normalized Mass Moment of Inertia For External Geneva Mechanisms













FIGURE: 6.2 Normalized Maximum Force Applied to Roller Pin/Slot (n <8) 164
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Angular Displacement of driver (deg.)













































Angular Displacement of driver (deg.)
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Angular Displacement of driver (deg.)
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Angular Displacement of driver (deg.)























































Angular Displacement of driver (deg.)



















































Angular Displacement of driver (deg.)



















































Angular Displacement of driver (deg.)

















































Angular Displacement of driver (deg.)
















































Angular Displacement of driver (deg.)
















































Angular Displacement of driver (deg.)





















































-80 -60 -40 40
Angular Displacement of driver (deg.)





















































Angular Displacement of driver (deg.)



















































Angular Displacement of driver (deg.)
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Angular Displacement of driver (deg.)
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NORMALIZED PARAMETERS OF 
INTERNAL GENEVA MECHANISMS
This Appendix contains normalized tables and plots that provide machining 
dimensions and kinematic parameters of internal geneva mechanisms.
183
TABLE 4.1 Normalized Machining Dimensions and Kinematic Characteristics
of Internal Geneva Mechanisms
1 n Po F W C R#w /C Wa/Wz | C X a / t |
I 3 60.0 150 0.8660 1.866 0.4641 1.732
1 4 45.0 135 0.7071 1.707 0.4142 1.000
I 5 36.0 126 0.5878 1.588 0.3702 0.7265
I 6 30.0 120 0.5000 1.500 0.3333 0.5773
1 7 25.71 115.7 0.4339 1.434 0.3026 0.4816
8 22.5 112.5 0.3829 1.383 0.2768 0.4142
9 20.0 110 0.3420 1.342 0.2549 0.3640
10 18.0 108 0.3090 1.309 0.2361 0.3250
11 16.36 106.36 0.2817 1.282 0.2198 0.2937
I 12 15 105 0.2588 1.259 0.2056 0.2680
I 13 13.85 103.85 0.2393 1.239 0.1931 0.2465
I 14 12.86 102.86 0.2225 1.223 0.1820 0.2283
I 15 12.0 102.0 0.2079 1.208 0.1721 0.2126
I 16 11.25 101.25 0.1951 1.195 0.1636 0.1989
I 17 10.59 100.59 0.1837 1.184 0.1552 0.1870

















16014012060 80 100 
Angular Displacement of Driver (deg.)
FIGURE: 4.4 Normalized Angular Velocity of Internal Geneva Mechanisms















160120 14060 80 100 
Angular Displacement of Driver (deg.)
FIGURE: 4.5 Normalized Angular Velocity of Internal Geneva Mechanisms


















Angular Displacement of Driver (cleg.)
140120 160
FIGURE: 4 .6  Normalized Angular Acceleration of Internal Geneva Mechanisms
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Angular Displacement of Driver (deg.)
FIGURE: 4.7 Normalized Angular Acceleration of Internal Geneva Mechanisms
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Angular Displacement of driver (deg.)
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Angular Displacement of driver (deg.)
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